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ABSTRACT

Managing for Multiple Objectives in Southwestern Forests: Evaluating the
Trade-offs Between Enhancing Mexican Spotted Owl Nest
Habitat and Mitigating Potential Crown Fire

by

Daniel C. Deane McKenna, Master of Science
Utah State University, 2017

Major Professor: Dr. James N. Long
Department: Wildland Resources

Over 100 years of fire suppression, grazing and “high-grading” have altered the
structure of dry southwestern ponderosa pine (Pinus ponderosa) and mixed-conifer
forests by dramatically increasing forest density. Denser forest structure has led to
increased fire size and severity in the southwest. Restoring forest structure to an
approximation of conditions before Euro-American settlement is now a priority of the
U.S. Forest Service (USFS) in this region. At the same time the USFS is also prioritizing
the management of Mexican spotted owl habitat (Strix occidentalis lucida), a threatened
species whose forested nesting habitat has been described as dense multi-strata stands
with a high canopy cover. The objective of decreasing forest density to increase firesafety is seemingly at direct odds with the objective of maintaining high density for
Mexican spotted owl nest habitat. My research explores the tradeoffs between managing
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for these two objectives and ways they could be both be met. The first study quantified
the structure and composition of sixty-six current Mexican spotted owl nest stands and
found that criteria that are used by the USFS are overly narrow in describing nest habitat.
Dominant tree height and total basal area could potentially be used as simplified criteria
based on results from a Random Forest model, while canopy cover and tree size diversity
thresholds may be overstated in importance. The second study utilized Forest Inventory
and Analysis data to identify how much USFS land is at risk to high severity crown fire
and how much Mexican spotted owl nest habitat exists in Arizona and New Mexico.
Over 76% of the forest land managed by the USFS is at risk to high severity crown fire.
The amount of Mexican spotted owl nest habitat is dependent on the definition of habitat.
Using the current USFS criteria, <1% of forested land in Arizona and New Mexico is
suitable nesting habitat. Using other definitions of nest habitat, which were found to be
more reflective of actual nest stands from the first study, as much as 13% of the forested
land managed by the USFS is considered suitable habitat. The third study used the Forest
Vegetation Simulator to model forest dynamics and silvicultural intervention of potential
nest stands. The results from this study exemplified how thinning nest stands can make
them more resistant to high severity crown fire without reducing target density levels far
below the desired threshold. These studies will assistant Southwest forest managers in
weighing the tradeoffs between these two important objectives in order to restore forest
structure while sustaining and enhancing wildlife habitat.
(105 pages)
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PUBLIC ABSTRACT

Managing for Multiple Objectives in Southwestern Forests: Evaluating the
Trade-offs between Enhancing Mexican Spotted Owl Nest
Habitat and Mitigating Potential Crown Fire
Daniel C. Deane McKenna

The Forest Inventory and Analysis (FIA), the United States’ forest census,
measured sixty-six Mexican spotted owl nest stands in order gain insight into the
structure and composition of the nest habitat of this threatened species. I used these data,
along with the greater FIA database and the Forest Vegetation Simulator to explore
questions surrounding the management of Mexican spotted owl habitat, specifically how
to balance the objective of sustaining and enhancing nest habitat in face of increasing
forest fire size and severity in the Southwest. My research consisted of three studies. The
first study quantified the structure and composition of the Mexican spotted owl nest
stands and scrutinized current evaluation criteria of nest habitat. The second study
estimated how much of the Southwestern landscape is at risk to high-severity crown fire
and how much of the landscape is suitable Mexican spotted owl nest habitat. The third
study modeled forest dynamics and silvicultural intervention in potential Mexican spotted
owl nest stands. The purpose of this research is to assist in management of Southwestern
forests in order to decrease fire size and severity while sustaining and enhancing current
and future Mexican spotted owl nest habitat.

vi
ACKNOWLEDGMENTS

I am extremely grateful to my advisor, Dr. James N. Long, for everything he has
taught me during my time at Utah State University, including guiding me through this
research project. I have learned so much from him due do his generosity, thoughtfulness,
and enthusiasm for the field of forestry. I want to thank my committee members, Dr.
Helga Van Miegrot and Dr. John Shaw for their feedback, guidance and technical
assistance with the project. Christopher Witt, an ecologist with the Rocky Mountain
Research Station, led the collection of much of the data that went into this project and
helped me interpret these data. I also received considerable feedback from Dr. R. Justin
DeRose and I want to thank him for his input. I also would like to thank the late Dr.
Theodore W. Daniel whose generous endowment to forestry research at Utah State
funded my education. Thank you to my friends and family who helped me through this
process. I especially want to thank my wife, Megan Deane McKenna, for supporting me
and helping me in countless ways that have allowed me to follow my passion and
curiosity.
Daniel C. Deane McKenna

vii
CONTENTS

Page
ABSTRACT ...................................................................................................................... iii
PUBLIC ABSTRACT ........................................................................................................v
ACKNOWLEDGMENTS ................................................................................................ vi
LIST OF TABLES ............................................................................................................ ix
LIST OF FIGURES .......................................................................................................... xi
CHAPTER
1. INTRODUCTION ...................................................................................................1
Literature Cited ..................................................................................................3
2. CHARACTERIZING MEXICAN SPOTTED OWL NEST STAND
STRUCTURE ..........................................................................................................5
Introduction ........................................................................................................5
Methods ..............................................................................................................8
Results ..............................................................................................................12
Discussion ........................................................................................................14
Summary ..........................................................................................................17
Literature Cited ................................................................................................18
Tables ...............................................................................................................22
Figures ..............................................................................................................33
3. LANDSCAPE ANALYSIS OF MEXICAN SPOTTED OWL STAND
STRUCTURE AND POTENTIAL FIRE BEHAVIOR RISK USING THE
FOREST INVENTORY AND ANALYSIS DATABASE .....................................41
Introduction ......................................................................................................41
Methods ............................................................................................................44
Results ..............................................................................................................48
Discussion ........................................................................................................49
Literature Cited ................................................................................................53
Tables ...............................................................................................................56
Figures ..............................................................................................................61

viii

4. MODELING STAND DYNAMICS AND SILVICULTURAL
INTERVENTION OF POTENTIAL MEXICAN SPOTTED OWL NEST
STANDS WITH THE FOREST VEGETATION SIMULATOR .........................63
Introduction ......................................................................................................63
Methods ............................................................................................................66
Results ..............................................................................................................69
Discussion ........................................................................................................71
Literature Cited ................................................................................................74
Tables ...............................................................................................................78
Figures ..............................................................................................................87
5. CONCLUSION ......................................................................................................91
Literature Cited ................................................................................................94

ix
LIST OF TABLES

Table

Page

2.1

Mexican Spotted Owl Recovery Plan Management Guidelines ....................22

2.2

Mexican spotted owl habitat types ................................................................23

2.3

Mexican spotted owl nest habitat evaluation criteria ....................................24

2.4

Random Forest predictors ..............................................................................25

2.5

Forest Inventory and Analysis (FIA) forest type of 66 MSO nest plots ........25

2.6

Summary Statistics of forest structural attributes of 66 MSO nest plots .......26

2.7

Evaluation Criteria results .............................................................................27

2.8

Combinations of evaluation criteria ...............................................................29

2.9

Confusion Matrix for Random Forest model using all 8 variables ...............30

2.10

Correlation Matrix between structural attributes ..........................................30

2.11

Confusion matrix for random forest model using only dominant tree
height and basal area, the two top ranking variables from the random
forest model ...................................................................................................31

2.12

Simplified evaluation criteria applied to nest sites ........................................32

3.1

Mexican Spotted Owl Recovery Plan Management Guidelines ....................56

3.2

Acres of National Forest forested land by state, habitat and potential fire
Risk ................................................................................................................57

3.3

Potential Crowning t test results ....................................................................59

3.4

Potential Torching t test results .....................................................................60

4.1

Simplified evaluation criteria based on the management guidelines in the
Mexican spotted owl recovery plan ...............................................................78

x
4.2

Desired conditions of Mexican spotted owl habitat that are listed in the
2012 Recovery plan .......................................................................................78

4.3

FVS settings for prescriptions for suitable and close to suitable habitat .......79

4.4

Ponderosa pine suitable habitat with simulated thinning and burning ..........81

4.5

Ponderosa pine suitable habitat and no action ...............................................81

4.6

Ponderosa pine close to suitable habitat with simulated thinning and
burning ...........................................................................................................82

4.7

Ponderosa pine close to suitable habitat with no action ................................82

4.8

Ponderosa pine not close to suitable habitat with simulated thinning and
burning ...........................................................................................................83

4.9

Pondersoa pine not close to suitable habitat with no action ..........................83

4.10

Mixed-conifer suitable habitat with simulated thinning and burning ............84

4.11

Mixed-conifer suitable habitat with no action ...............................................84

4.12

Mixed-conifer close to suitable habitat with simulated thinning and
burning ...........................................................................................................85

4.13

Mixed-conifer close to suitable habitat with no action ..................................85

4.14

Mixed-conifer not close to suitable habitat with simulated thinning and
burning ...........................................................................................................86

4.15

Mixed-conifer not close to suitable habitat with no action ............................86

xi
LIST OF FIGURES

Figure

Page

2.1

Map of Ecological Management Units (EMU) across the Southwestern
United States, taken from the recovery plan ..................................................33

2.2

Canopy cover for mixed-conifer plots ...........................................................34

2.3

Canopy cover for all ponderosa and “other” forest types ..............................35

2.4

Box plots depicting elevation of nest sites by National Forest ......................36

2.5

Box plots depicting slope of nest sites by National Forest ............................37

2.6

Random Forest Results ..................................................................................38

2.7

Probability of habitat heat map, using total basal area and dominant
tree height as predictors .................................................................................39

2.8

Partial dependency plots on all eight attributes from the random
forest model ...................................................................................................40

3.1

Map of Ecological Management Units (EMU) across the Southwestern
United States, taken from the recovery plan ..................................................61

3.2

Torching index of MSO nest stands ..............................................................62

3.3

Crowning index of MSO nest stands .............................................................62

4.1

Differences in crown fire risk between the treated and untreated
simulations of a mixed-conifer stand that meets suitable nest habitat
criteria ............................................................................................................87

4.2

Differences in total basal area between the treated and untreated
simulations of a mixed-conifer stand that meets suitable nest habitat
criteria ............................................................................................................88

4.3

Differences in crown fire risk between the treated and untreated
simulations of a ponderosa stand that meets suitable nest habitat criteria ....89

4.4

Differences in total basal area between the treated and untreated
simulations of a ponderosa stand that meets suitable nest habitat criteria ....90

CHAPTER 1
INTRODUCTION

Federal land managers are tasked with attempting to achieve a multitude of
objectives to meet the needs of a wide variety of stakeholders. Our National Forests are
no longer viewed as solely tree farms as interest in forest health, biodiversity, wildlife
habitat, water quality, carbon storage, recreation, and visual aesthetics have all increased.
The concept of forest restoration has also gained traction over the past few decades as the
consequences of a century of fire suppression have become apparent, especially in dry
western forests that are far denser than they were over 100 years ago (Covington and
Moore 1994, Keane et al. 2002, Noss et al. 2006). Fire suppression has altered the
structure and composition of dry forests that historically experienced frequent lowseverity fires, and it is one of the main reasons fire severity and size have increased in the
West (Stephens et al. 2014). The goal of forest restoration is to manipulate forest
attributes in order to return structure, composition and function to an approximation of
conditions before Euro-American settlement (Allen et al. 2002). This is primarily
achieved by implementing silvicultural treatments that mimic natural disturbance patterns
(Long 2009). However, achieving multiple objectives can be difficult because trade-offs
often exist between objectives, and at times objectives can even be contradictory.
The dynamics of balancing multiple objectives in the context of forest restoration
are currently being played out in the ponderosa pine (Pinus ponderosa) and dry mixedconifer forests of the Southwest. Region 3 of the United States Forest Service covers
Arizona and New Mexico and includes 11 National Forests. There are landscape level
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forest restoration initiatives in both states that are attempting to lower forest density and
treat fuels so that severe fire behavior decreases (Schultz et al. 2012, Bradley 2009, Esch
and Vosick 2016). Region 3 forests are also home to the Mexican spotted owl (Strix
occidentalis lucida), which was listed as a threatened species in 1993 due loss of habitat
(USFWS 2012). In Region 3, a primary objective of the Forest Service is to sustain or
enhance Mexican spotted owl nest habitat, which has been described as featuring dense
multistoried stands that have a high number of large trees and high canopy cover
(McCusker et al. 2014, USFWS 2012). The objective of sustaining this habitat is
seemingly at odds with forest restoration efforts to reduce forest density associated with
the potential fire behavior objective. From a fire management standpoint, sustaining nest
habitat means maintaining high canopy bulk density and ladder fuels, which increase the
likelihood of high-severity crown fires (Agee and Skinner 2005).
My research is focused on understanding the tradeoffs and overlap between these
two objectives and determine if strategies can be developed to achieve them both. My
research comprises three studies that incorporate data from Mexican spotted owl nest
stands, data from the Forest Inventory and Analysis database, and simulated silvicultural
interventions and stand dynamics using the Forest Vegetation Simulator (Dixon 2002). At
the stand level, the first study is an attempt to characterize the structure and composition
of Mexican spotted owl nest habitat in a way that can be translated to effective evaluation
criteria for silvicultural prescriptions. At the landscape level, the second study is an
attempt to understand how much Region 3 USFS land is at risk to high-severity crown
fire and how much Mexican spotted owl habitat currently exists. The third study is an
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attempt to model how silvicultural intervention can play a role in enhancing nest habitat
and mitigating severe fire behavior. It is also an attempt to clarify potential tradeoffs and
consequences of both management interventions and inactions. By investigating the
interplay between two these seemingly opposing objectives, I hope to not only develop
strategies to reach these specific objectives, but also provide an example of how to
evaluate management options for multiple objectives that can be applied to other
situations.
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CHAPTER 2
CHARACTERIZING MEXICAN SPOTTED OWL NEST STAND STRUCTURE

Introduction
Like many forests of the American West, Southwestern ponderosa pine and dry
mixed-conifer forest structure has changed dramatically since the arrival of EuroAmerican settlers (White 1985, Covington and Moore 1994, Fulé et al. 2009, Rodman et
al. 2016). Extensive “high grading,” the introduction of livestock, and suppression of
lightning ignited fire have all contributed to denser and more homogeneous stand
structures (Covington and Moore 1994, Swetnam et al. 1999). During the 1980s and early
1990s emphasis on timber production in Region 3 National Forest land and extensive use
of shelterwood silvicultural systems eliminated even more of the iconic pre-settlement
“yellow pines” and further homogenized southwestern forests (Egan 2015). Subsequent
increases in dense, even-aged, ponderosa pine and dry mixed conifer stands over the
Southwestern landscape have had a dramatic effect on wildfire behavior. Historically,
these dry forest types experienced frequent, low-severity fires; however, due to the
previously mentioned alterations in structure and fuels complexes, much of the landscape
is at risk for high-severity crown fires (Allen et al. 2002). Another negative consequence
of altered forest structure has been the loss Mexican Spotted Owl (MSO) habitat, which
was listed as a threatened species in 1993 (USFWS 2012).
Mexican spotted owl nest habitat is associated with old forest structural
characteristics such as a high percentage of large trees and multiple layers of vertical
structure (Ganey 1998). Research subsequent to the listing of MSO as a threatened
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species has aimed to characterize stand structure that MSOs are likely to select for nest
habitat, in order to protect and preserve these areas (Ganey et al. 2003). The MSO
recovery plan, which was originally written in 1995 and revised in 2012, identified four
management guidelines for stand structure characteristics in both mixed-conifer and pineoak forests, the two important forest types associated with MSO habitat. Defined as key
indicators for nest habitat are total basal area, percentage basal area of trees 12-18 inches
diameter at breast height (dbh), percentage basal area of trees greater than 18 inches and
trees per acre that are greater than 18 inches dbh (Table 2.1) (USFWS 2012).
The recovery plan uses several other qualitative and quantitative descriptions of
nest habitat, which are referred to as “desired conditions.” These describe elements of
suitable MSO habitat, such as a “diversity of tree sizes,” trees with “interlocking crowns
and high canopy cover,” and “openings in forest patches.” The recovery plan lays out
specific definitions of the three forest types where MSOs nest: pine-oak forest, mixedconifer forest and riparian forest (Table 2.2), which correspond to management
guidelines for sustaining and enhancing MSO habitat. Through the recovery plan
Protected Activity Centers (PACs), 600-acre areas surrounding known nest trees, have
been delineated to sustain nest habitat. Although management, such as mechanical
treatment, can occur in PACs, activity is more restricted in terms of timing of treatment
and amount of material that can be removed. Conservative diameter caps, which are
limits on the size of trees that can be removed, are often implemented in PACs,
sometimes as low as nine inches dbh (McCusker et al. 2014).
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Aside from protecting current nest sites, Forest Service managers are tasked with
developing and implementing silvicultural prescriptions that will maintain or create
future suitable MSO habitat (Reynolds et al. 2013). Effective silvicultural prescriptions
require identifying desired future conditions with specific metrics and making reasonable
assumptions about how the forest will develop in the future in terms of growth rates,
stand dynamics, reproduction and mortality. If specific metrics about the structural and
compositional makeup of wildlife habitat are well established, silvicultural techniques
can be an effective and necessary tool to achieve habitat objectives in the future. For
example, density management of longleaf pine (Pinus palustris) can be used to accelerate
the establishment of suitable habitat for Red-cockaded Woodpecker (Leuconotopicus
borealis) in the Southeast (Shaw and Long 2007). Another example from the Northwest
showed that prudent utilization of partial harvesting improved Northern Spotted Owl
habitat where owls were more likely to use thinned stands for nesting than unthinned
stands (Irwin et al. 2015). It is crucial that silviculturists have specific quantifiable
evaluation criteria in order to demonstrate exactly how a prescription will lead to the
desired outcomes, and what potential tradeoffs exist where there are multiple objectives
(Long et al. 2010). In the case of the MSO, in order for silvicultural intervention to be
effective, quantitative structural requirements for nesting habitat must be well
understood. However, if metrics are poorly defined or misunderstood then it will be
difficult for forest managers to meet habitat objectives.

8
Methods
The MSO recovery plan was used as a framework to analyze the structure of
sixty-six nest stands measured by the Forest Inventory and Analysis (FIA). Beginning in
the summer of 1999 the Forest Service’s FIA program has been conducting annual
statewide inventories of the nation’s forested land in order to have a detailed
understanding of the extent and condition of forests across all ownership classes in the
U.S. (Woudenberg et al. 2010). A major part of the FIA data collection is through
ground-based sampling of plots where information on tree size, density, species
composition and condition are recorded. Although the FIA program historically started
out with a timber focus, the Forest Service now uses these data for a variety of analyses,
including assessing wildlife habitat (Bechtold 2005). As part of a special project, FIA
field crews collected data on MSO habitat in the summers of 2013 and 2015. Sixty-six
nest trees were identified by the Forest Service in five National Forests in Region 3, and
plots were established with the nest tree at plot center. Although these plots were outside
the FIA’s annual sampling grid, all of the standard inventory procedures were followed
(FIA 2016).
Plot and tree data from the FIA inventory were prepared in an Access database to
interface with the Central Rockies variant of the Forest Vegetation Simulator (FVS)
(Dixon 2002). FVS is a distant-independent, individual tree model that demonstrates how
current species composition and structure, e.g., stand density, will affect stand growth
and mortality (Crookston and Dixon 2005). FVS can also demonstrate how management
activities can alter stand dynamics. FIA plots were interpreted as FVS stands and
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“Standinit” and “Treeinit” tables were built from the FIA data, tables which feed stand
level and tree level data into the model. Seven evaluation criteria for habitat structure
were developed from the management guidelines and desired conditions listed in the
recovery plan and were calculated using FVS (Table 2.3). The only criterion that was not
calculated in FVS was canopy cover. FIA ground-based measurements of canopy cover
through the point intercept method were used in the analyses because of their higher
degree of accuracy (Ganey et al. 2008, McIntosh et al. 2012). MSO habitat forest types
were classified as pine-oak (ponderosa series with greater than 10% basal area from
Gambel oak (Quercus gambelii)), mixed-conifer (Douglas-fir (Pseudotsuga menziesii),
white fir (Abies concolor), southwestern white pine (Pinus strobiformis), limber pine
(Pinus flexilis), and blue spruce (Picea pungens) forest types), or other (all other forest
types and ponderosa types that did not meet the Gambel oak requirement).
Although not explicitly listed as guidelines or desired conditions, dominant tree
height, basal area of snags and relative density were also calculated using FVS. Relative
density was calculated by dividing the stand density index by the maximum stand density
index of each stand’s forest type (SDI). The FVS setting for SDI was set to “Zeide,” also
known as the summation method, and only trees with a minimum of 1.6 inches dbh were
included in order to account for irregular stand structure and ensure very small diameter
trees did not overly represent stand conditions (Curtis 2010). The following maximum
SDI settings were changed from the default due to recent findings from FIA data:
ponderosa pine (450), white fir (630), Engelmann spruce (620), aspen (560), subalpine fir
(600) (Shaw, unpublished data). FVS uses a weighted average of individual species SDI
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maximum for the stand SDI maximum. Non-vegetative attributes of nest sites were also
considered and summarized (elevation, aspect, slope, disturbance history, and presence of
water), although they are not the focus of this analysis. FIA stands were characterized
through summary statistics, MSO habitat type, summary of physiographic attributes and
how close they came to meeting the recovery plan guidelines.
In order to further characterize the structural attributes of MSO nest stands,
Random Forest was used to analyze the data due to its ability to determine variable
importance when classifying nest structure in comparison to non-nest structure (Breiman
2001, Cutler et al. 2007). Because we did not have plot information for true “non-nest”
stands, we compared the presence only MSO plot data with pseudo-absence data in a
random forest model to attempt to identify attributes of importance (Cutler et al. 2007).
Pseudo-absence data, also known as background data, represents available environmental
conditions in species distribution models (Barbet-Massin et al. 2012). To create a pseudoabsence dataset, we randomly sampled plots from the FIA database to capture the
geographic extent of the nest data (VanDerWal et al. 2009). We selected an equal number
of random plots from each National Forest in which the nest plots occurred. The plots
were selected with a minimum dominant living tree height of 18 feet because this
eliminated unstocked and extremely young stands that were not realistically potential
habitat. In addition, eighteen feet represents the lowest top tree height from the MSO nest
plots. All random points were selected from stands between 250 feet in elevation above
and below each nest tree in each National Forest because elevation is generally associated
with forest type and we wanted to represent the area where the owls were actually
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nesting. All structural attributes of concern were calculated in FVS using a similar
method as for the nest stands.
In this analysis, we categorized 66 MSO nest plots as “nest” and the randomly
selected 66 FIA plots as “pseudo-absence”. These 132 plots were entered into a random
forest model with the eight predictive variables. Six of the eight predictive variables came
from management guidelines and desired conditions described in the recovery plan
(Table 2.4). Dominant tree height and relative density were added as predictive variables
because they have been found to be useful in describing structural needs for other forest
avian wildlife (Liliehom et al. 1994, Squires and Kennedy 2006). Cross-validation was
not necessary because random forest utilizes the bootstrapping of an out-of-bag training
set (Breiman 2001). The out-of-bag samples are passed down the decision trees and a
confusion matrix of predictive success is recorded. In addition to classifying the entire
model success, random forest also ranks variable importance through decreasing
accuracy. As the out-of-bag samples are passed down the tree, the values of the variables
are permuted and the decrease in accuracy is recorded. The variables that cause the most
decrease in model accuracy are considered the most important to predictive success.
Partial dependence plots were made to show “breakpoints” where variable importance
increased. Partial dependence is the “dependence of the probability of presence on one
predictor variable after averaging out the effects of the other predictor variables in the
model” (Cutler et al. 2007). These graphics indicated how much each variable
contributed to the probability of MSO nest selection and at what point each variable
increased in its importance.

12
Results

Forest habitat and evaluation criteria
Nest locations were represented across nine FIA forest types (Table 2.5) and were
characterized by a range of structural attributes (Table 2.6). Using MSO forest habitat as
defined by the recovery plan, 45 were classified as “mixed-conifer,” 1 was classified as
“pine-oak,” and 20 were classified as “other” because they met neither the mixed-conifer
nor pine-oak definitions. There were a total of 10 ponderosa pine plots, but only one had
at least 10% of the basal area that came from Gambel oak. The median percentage of
Gambel oak basal area of the 10 ponderosa pine plots was 6.5%. The evaluation criterion
most often met was trees per acre greater than 18 inches dbh (54 out of 66 plots, 82%).
Forty-seven nest plots met the total basal area criterion and 47 plots met the percentage of
large trees criterion (Table 2.7). Surprisingly, only twenty-six out of the 45 (58%) mixedconifer plots had at least 60% canopy cover (Figure 2.2). There is no minimum desired
condition for “other” forest types, so we included them with the pine-oak plots and found
that 18 out of those 21 plots (86%) had at least 40% canopy cover (Figure 2.3). When the
desired condition of a “diversity of tree sizes” was analyzed, only ten plots (15%) met
both the 12-18 in dbh basal area guideline (mid-sized trees) and the basal area percentage
greater than 18 inch guideline (large trees). Also, FVS classified 5 out of the 66 (8%)
plots as having multiple strata. Thirty-five out of the 66 plots (53%) had a majority
(>50%) of basal area from trees greater than 16 inches dbh. As more criteria are
combined, fewer nest sites met all combinations (Table 2.8). Only one nest plot meets all
seven criteria (2%) and only four plots meet five of the criteria (6%).
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Physiographic conditions
Nest sites were also variable in terms of other site conditions. There was
considerable range in elevation and slope for the plots in each National Forest (Figure 2.4
and Figure 2.5). Most of the nests were located on northern aspects (41 plots), while 24
were on southern aspects. 19 of the plots were located on xeric sites (FIA physiographic
condition of dry slopes) and 47 were located on mesic sites (FIA physiographic
conditions of flatlands, moist slopes and coves, and rolling uplands). Most sites (52 plots)
had not recently been disturbed. Seven had signs of fire damage, six had signs of disease
damage and one had signs of insect damage.

Random forest model
The random forest model using eight structural attributes of concern correctly
categorized 82% of nest plots (Table 2.9). The results of the random forest suggest that
the two most important variables that predict nest stands are total basal area and dominant
tree height. Total basal area and dominant tree height had highest ranking of Mean
Decreasing Accuracy and Mean Decreasing Gini (Figure 2.6). The correlation matrix of
the eight attributes of concern shows the correlation between multiple variables (Table
2.10). When correlation between two variables is high it may split the importance of the
contribution each variable makes to the model (Altmann et al. 2010). For example, trees
per acre over 18 inches dbh and percent basal area from trees over 18 inches dbh had a
correlation of 0.75. However, when one of these attributes was taken out of the model,
the model performed worse in predicting nest plots, so we kept all variables in the model.
However, we did trim the model using only basal area and dominant tree height to see if
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using simplified criteria could be an acceptable method for predicting nest plots. The
random forest model using basal area and dominant tree height correctly categorized 76%
(Table 2.11), indicating that it may be possible to predict a majority of nest habitat only
using those two attributes. The predicative success using only total basal area and
dominant tree height is represented in a predictive heat map (Figure 2.7). Partial
dependency plots from the original random forest model indicated that basal area
increases in importance after approximately 100 ft2 ac-1 and dominant tree height
increases in importance after approximately 50 feet (Figure 2.8).

Discussion
The results from the characterization of MSO nest plots suggest that there is
variability in terms of structure, species composition and physiographic attributes and
that the current management guidelines represent too narrow a range of conditions for
suitable habitat. There appears to be an opportunity to simplify criteria for forest
managers that would allow for more flexibility while meeting the requirements of MSO
nest selection. High total basal area, tall dominant tree height and a component of large
diameter trees all appear to be important to nest site selection, but there is still variability
in the threshold for these attributes. The importance of mid-size trees, vertical
stratification, and canopy cover seem like they might be overrated as selection criteria for
nest sites, or at least overstated in terms of desired thresholds.
While it may likely be true that some structural attributes described in the desired
conditions and guidelines are preferred by MSO, the minimum thresholds may be too
high. For instance, while it may be desired for the MSO to have Gambel oak near its nest,
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it may not be necessary for 10% of the basal area to come from oak. The same could be
said for the diversity of tree sizes and the requirement for 30% of the basal area coming
from mid-size trees and 30% from large trees. One possible explanation for the low
combination of mid-sized trees and large trees is that increases in stand density come at
the expense of individual tree growth (Long et al. 2004). If owls are selecting for dense
areas with many large trees, that leaves little growing space for mid-sized trees.
The results of the random forest analysis also support these results. MSOs select
for sites with cooler temperature than randomly selected locations (Ganey 2004). This is
reflected in the desired conditions of high canopy cover and diversity of tree sizes.
Although many nest sites did not meet these conditions, the median for all the nest stands
was 78 feet and 61 out of the 66 nest sites had a dominant tree height of at least 50 feet.
Tall dominant trees many provide the cooler temperatures that the owls are selecting.
While a high total basal area and tall trees seem to be attributes for nest selection, they
are clearly not sufficient in defining structural characteristics of nest sites. This is
supported in the nest prediction heat map, which is based only on basal area and tree
height. The heat map shows the trend that high basal area and dominant tree height aid in
predicting nest sites, but the “plaid” pattern of red elsewhere show that there are outliers
that do not meet both of those requirements (Figure 2.7). It also must be acknowledged
that the correlation between total basal area and metrics of large trees may underrepresent
the importance of the large trees in the results of the random forest model. Although we
used total basal area and dominant tree height as the simplified criteria, we could have
used large trees per acre and dominant tree height and achieved similar results.
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The random forest model also sheds light on some recovery plan criteria that do
not represent MSO nest habitat. The two lowest ranking variables that we measured in
the Random Forest model are basal area percentage of mid-size trees and canopy cover.
The low ranking of mid-sized tree importance is consistent with one of the findings of the
Ganey et al. (2016) study that measured MSO habitat in the Sacramento Mountains. It is
also consistent with the fact that only 22 out 66 (33%) of the nest sites in this study met
the mid-size tree threshold of 30%. It is surprising however that canopy cover ranked so
low because that is what Ganey et al. (2016) found to be possibly the most important
variable for nest habitat. Sixty percent canopy cover appears to be higher that what is
necessary for nest selection. Only 56% of the mixed-conifer nest sites met the 60%
canopy requirement, and the random forest model had a hard time distinguishing canopy
cover of nest sites vs. pseudo- absence sites. Other metrics may be not only more
effective but also easier for managers to measure than canopy cover. Canopy cover is not
a straight forward measurement because there are many approaches that can lead to
different results (Fiala et al. 2006).
This study demonstrates FIA’s strength in quantitative habitat assessment for
species of concern. Due to the intensive measurement of FIA plots, MSO management
guidelines could be scrutinized and reevaluated in ways that would not be possible with
less exhaustive measurement approaches. If more MSO nest sites can be measured in
this manner, it may contribute to clearer insight into what structure drives nest site
selection. This could provide more realistic evaluation criteria to judge suitable habitat,
and inform forest management and silvicultural intervention.
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Summary
Mexican spotted owl nest sites are found in diverse forest types (Table 2.5). Although
much of the management focus of nest habitat is in pine-oak and mixed-conifer forest
types, 20 out of the 66 sites in this study did not meet those definitions. One reason for
this might be because the threshold for Gambel oak necessary to be to be defined as pineoak (10% of basal area) is too high.
The use of several criteria to define Mexican spotted owl nest stands present an
overly narrow depiction of where these owls are nesting (Table 2.8). As more criteria are
added to describe desirable habitat, fewer nest sites meet all the requirements. Simplified
criteria that allow for more variability could be beneficial to the management of nest
habitat.
The Mexican spotted owl nest sites measured in this study tend to be dense stands
with a tall dominant overstory. It may be possible to use total basal area and dominant
tree height as simplified criteria, but it must be acknowledged that these two attributes are
not sufficient in describing all places MSO nest. Total basal area and dominant tree
height seem to be good predictors of nest habitat, but they alone do not capture all the
variability nest sites. (Table 2.11 and Table 2.12).
High canopy cover, a component of mid-size trees and vertical heterogeneity
(multiple-strata stands) may be overstated as predictors of nest habitat, or in the case of
mid-size trees and vertical heterogeneity, not necessary to nest habitat at all (Table 2.7
and Figure 2.6).
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Tables
Table 2.1. Mexican Spotted Owl Recovery Plan Management Guidelines. Guidelines are
specific to forest habitat type and ecological management unit (EMU). An EMU is a
geographical subdivision delineated by topographic attributes, human activity and
international borders (USFWS, 2012). The abbreviations below refer to the following
EMUs. BRE = Basin Range East, BRW = Basin Range West, CP = Colorado Plateau,
UGM = Upper Gila Mountains, SRM = Southern Rocky Mountains. See Figure 2.1 for an
EMU map.
EMU(s)
Minimum % Minimum % Minimum
Minimum
Forest Type
of basal area
basal area
tree basal
density of
from trees
from trees
area (ft2 ac-1) trees > 18”
12-18 inches
> 18 inches
dbh
dbh
inches dbh
(trees/acre)
BRE
>30
>30
145
15
Mixed-conifer

CP, UGM,
SRM, BRW
Mixed-conifer

>30

>30

120

12

CP (Mount
Taylor and/or
Zuni Mtn.
regions only) ,
UGM, BRW
Pine-oak

>30

>30

110

12
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Table 2.2. Mexican spotted owl habitat types. These are the forest habitats defined by the
Mexican spotted owl recovery plan (USFWS, 2012). Specific management guidelines for
pine-oak type and mixed-conifer forest types are defined in Table 2.1. There are no
specific criteria for riparian types or “other” types.
Pine-oak type
1) Any stand within the Chihuahuan pine series.
2) Any stand within the Ponderosa pine series that meets ALL the following
criteria: a. The stand is located in the Upper Gila Mountains EMU, the Basin and
Range-West EMU, or the Zuni Mountains or Mount Taylor regions of the Colorado
Plateau EMU. b. Habitat types that feature Gambel oak or a Gambel oak phase of
the habitat type. c. More than 10% of the stand BA or 20 ft2 ac-1 (4.6 m2/ha) of BA
consists of Gambel oak that measures more than 5 inches (13 cm) in diameter at its
root collar. 3) Any stand within the Basin and Range-West EMU of any other series
that meets ALL the following criteria: a. A stand where the majority of the BA is
produced by yellow pine species, namely ponderosa pine, Arizona pine, Apache
pine, or Chihuahuan pine. b. More than 10% of the stand BA or 20 ft2 ac-1 (4.6
m2/ha) of BA consists of any oak species that measures more than 5 inches (13 cm)
in diameter at its root collar.
Mixed-conifer type
Generally limited to the following series (Layser and Schubert 1979) and
associated habitat types: white fir, Douglas-fir, limber pine, or blue spruce. In
addition, this type includes any stand within the bristlecone pine, Engelmann
spruce, or corkbark fir series not having a majority (Eyre 1980) of BA in
bristlecone pine, Engelmann spruce, corkbark fir, or ponderosa pine, singly or in
combination. Land managers should note the following forest types are NOT
considered mixed-conifer forest types in the recovery plan:
1) Stands that can be described as pure (Eyre 1980) for coniferous species other
than Douglas-fir, white fir, southwestern white pine, limber pine, or blue spruce
(i.e, Spruce-fir forest type). 2) Stands of mixed species where more than half the
BA consists of quaking aspen (i.e, Quaking aspen forest type).
Riparian forest type
Riparian forest types are generally characterized by: 1) Presence of riparian species
(e.g., cottonwoods, maples, sycamores, or willows). 2) Presence of larger growth
forms of species found in adjacent upland community (e.g., quaking aspen,
Douglas fir, ponderosa pine). 3) Generally higher BA, stem densities, and aboveground biomass than adjacent upland communities (Naiman and Décamps 1997).
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Table 2.3. Mexican spotted owl nest habitat evaluation criteria. The following thresholds
were used to judge how closely MSO nest stands met the guidelines and desired
conditions from the recovery plan. Because there are no guidelines for nests in forest
types that do not meet the mixed-conifer or pine-oak requirements, we used the lower
threshold to evaluate plots from “other” forest types.
Evaluation Criterion
Threshold
Quantified interpretation (if necessary)
Total basal area
110 ft ac for pine-oak and “other” plots
2

-1

120 ft2 ac-1 for mixed-conifer plots from all
EMUs except BRE
150 ft2 ac-1 for mixed-conifer plots from the
BRE EMU
Percentage of basal area from trees 12-18
inches dbh (mid-size trees)

30%

Percentage of basal area from trees greater
than 18 inches dbh (large trees)

30%

Trees per acre greater than 18 inches dbh

12 TPA for pine-oak plots, mixed-conifer
plots not in BRE EMU, and “other” plots
15 TPA for mixed-conifer plots in BRE
EMU

Diversity of tree sizes

2 strata (as measured by FVS)

Note: This is interpreted as multiple strata
and by meeting both the large tree and midsize requirement

Meeting both 30% of basal area from large
trees and mid-size trees

60% for mixed-conifer plots
Canopy cover
40% for pine-oak and “other” plots
Percentage of basal area from trees greater
than 16 inches
51% for all plots
Note: This comes from the desired condition
to have trees greater than 16 inches dbh
contributing the majority of the stand basal
area
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Table 2.4. Random forest predictors. Forest structural attributes that are hypothesized to
be of importance to nest site selection. These eight attributes were used to create a
random forest model that aimed to predict nest habitat.
1. Total basal area
2. Basal area percentage from trees 12-18 inches dbh
3. Basal area percentage from trees greater than 18 inches dbh
4. Tree per acre greater that 18 inches dbh
5. Canopy cover
6. Dominate tree height
7. Relative density (stand density index/stand density index maximum)
8. Basal area from snangs

Table 2.5. Forest Inventory and Analysis (FIA) forest type of 66 MSO nest plots. These
66 sites fell into nine forest types defined by FIA field crews. Forest types are “based on
the tree species or species group that forms the plurality of all live stocking”
(Woudenberg et al. 2010).
Aspen
3
Deciduous oak woodland
4
Douglas-fir
19
Evergreen oak woodland
2
Pinyon Juniper Woodland
1
Ponderosa pine
10
Russian Olive
1
Southwest white pine
2
White fir
24
Total
66
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Table 2.6. Summary Statistics of forest structural attributes of 66 MSO nest plots. Large
ranges and standard deviations of these key attributes indicate variability in structure of
nest habitat.
Median Mean Minimum Maximum
SD
SE
Basal Area (ft2 ac-1)

196

195.6

14

392

83.58

10.28

Percentage of BA
from trees 12-18
inches dbh

26.27

26.54

0

62.41

12.19

1.5

Percentage of BA
from trees greater
than 18 inches dbh

41.09

43.07

0

77.93

19.79

2.43

Trees per acre
greater than 18
inches dbh

27.99

27.99

0

78.23

17.80

2.19

Live Canopy Cover
Percentage
(Ground-based)

60

60.61

4

95

19.12

2.35

Relative Density
(SDI/SDI Max)

46.25

49.2

6.9

86.52

19.83

2.44

Dominant tree
height

78.7

77.7

18

111.5

18.83

2.29

Basal Area of Snags
(ft2 ac-1)

32.57

45.91

0.96

208.70

44.01

5.42
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Table 2.7. Evaluation Criteria results. The criterion that the highest number of nest sites
met was trees per acre greater than 18 inches dbh (54/66). Forty-seven sites met that total
basal area criterion, 47 sites met the basal percentage of large trees criterion, and 44 sites
met the canopy cover criterion. Only 22 sites met the mid-size tree criterion and 5 sites
met the multi-strata criterion.
Evaluation Criterion
Threshold
Number of Sites that
meet this criterion
Quantified
interpretation (if
Percentage of sites that
necessary)
met this criterion
2
-1
110 ft ac for pine-oak and
13/21
Total basal area
“other” plots
62%
120 ft2 ac-1 for mixed-conifer
plots from all EMUs except BRE
150 ft2 ac-1 for mixed-conifer
plots from the BRE EMU

30%
Percentage of basal area
from trees 12-18 inches
dbh (mid-size trees)

20/27
74%
Total: 47/66
71%
22/66
33%

30%

47/66
71%

12 TPA for pine-oak plots,
mixed-conifer plots not in BRE
EMU, and “other” plots

32/39
82%

Percentage of basal area
from trees greater than
18 inches dbh (large
trees)

Trees per acre greater
than 18 inches dbh

14/18
78%

15 TPA for mixed-conifer plots
in BRE EMU

22/27
82%
Total: 54/66
82%
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Table 2.7. continued.
Diversity of tree sizes

2 strata (as measured by FVS)

Note: This is interpreted
as multiple strata and
by meeting both the
large tree and mid-size
requirement

Meeting both 30% of basal area
from large trees and mid-size
trees

Canopy cover

10/66
15%

60% for mixed-conifer plots

26/45
58%

40% for pine-oak and “other”
plots

18/21
86%
Total: 44/66
66%
35/66
53%

Percentage of basal area
from trees greater than
16 inches
Note: This comes from
the desired condition to
have trees greater than
16 inches dbh
contributing the
majority of the stand
basal area

5/66
8%

51% for all plots
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Table 2.8. Combinations of evaluation criteria. This table shows how many nest sites
meet multiple criteria. As more criteria are combined, fewer nest sites meet the “suitable”
definition. This shows that having many criteria presents an overly narrow depiction of
“suitable” habitat.
Evaluation Criteria combinations
Number of sites that
meet all of these
criteria
54/66
• Trees per acre greater than 18
•
•
•
•
•

Tree per acre greater than 18 and
Total basal area
Tree per acre greater than 18 and
Total basal area and
Percentage of basal area from trees greater than 18
inches dbh (large trees)

47/66

•
•
•

Tree per acre greater than 18 and
Total basal area and
Percentage of basal area from trees greater than 18
inches dbh (large trees) and
Canopy cover

34/66

Tree per acre greater than 18 and
Total basal area and
Percentage of basal area from trees greater than 18
inches dbh (large trees) and
Canopy cover and
Percentage of basal area from trees 12-18 inches
dbh (mid-size trees)

4/66

Tree per acre greater than 18 and
Total basal area and
Percentage of basal area from trees greater than 18
inches dbh (large trees) and
Canopy cover and
Percentage of basal area from trees 12-18 inches
dbh (mid-size trees)
Percentage of basal area from trees greater than
inches dbh and
More than one stratum

1/66

•
•
•
•
•
•

•
•
•
•
•
•
•

38/66
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Table 2.9. Confusion Matrix for Random Forest model using all 8 variables. The random
forest model correctly classified 82% of nest plots. This model was able to correctly
identify nest plots against of a set of randomly sampled pseudo-absence FIA plots that
covered the same geographic extent of the nests.
Error rate = 18%
Pseudo- absence
Nest Plot
Class error
classification
classification
Pseudo- absence
plot

56

10

0.15

Nest Plot

14

52

0.21

Table 2.10. Correlation Matrix between structural attributes. Correlation matrices are
used to identify how closely associated variables in random forest model are to each
other. Some of these attributes are highly correlated (≥ 0.75). This is a limitation of using
the random forest model because the correlated attributes split importance. Relative
density and total basal area (0.89) have the highest correlation. Other correlated variables:
total basal area and TPA of trees over 18 inches dbh (0.79); percentage of basal area from
trees greater than 18 inches dbh and TPA of trees over 18 inches dbh (0.75).

Basal Area
(ft2 ac-1)
Percentage
of BA from
trees 12-18
inches dbh
Percentage
of BA from
trees
greater
than 18
inches dbh
Trees per
acre greater
than 18
inches dbh

Basal
Area
(ft2 ac1)

Percentage
of BA
from trees
12-18
inches dbh

Percentage
of BA
from trees
greater
than 18
inches dbh

Trees
per acre
greater
than 18
inches
dbh

Live
Canopy
Cover
Percentage
(Groundbased)

Dominant
tree
height

Relative
Density
(SDI/SDI
Max)

Basal
Area of
Snags
(ft2 ac-1)

1

-0.00043

0.42

0.79

0.44

0.64

0.89

0.35

0.0004

1

-0.33

-0.15

-0.08

0.07

0.02

-0.02

0.42

-0.33

1

0.75

0.23

0.59

0.12

0.34

0.79

-0.15

0.75

1

0.33

0.68

0.55

0.39
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Table 2.10. continued.

Live
Canopy
Cover
Percentage
(Groundbased)

Dominant
tree height
Relative
Density
(SDI/SDI
Max)
Basal Area
of Snags
(ft2 ac-1)

Basal
Area
(ft2 ac1)

Percentage
of BA
from trees
12-18
inches dbh

Percentage
of BA
from trees
greater
than 18
inches dbh

Trees
per acre
greater
than 18
inches
dbh

Live
Canopy
Cover
Percentage
(Groundbased)

Dominant
tree
height

Relative
Density
(SDI/SDI
Max)

Basal
Area of
Snags
(ft2 ac-1)

0.44

-0.08

0.23

0.33

1

0.27

0.49

-0.03

0.64

0.07

0.59

0.68

0.27

1

0.41

0.29

0.89

0.02

0.12

0.55

0.49

0.41

1

0.16

0.35

-0.026

0.34

0.39

-0.032

0.29

0.16

1

Table 2.11. Confusion matrix for random forest model using only dominant tree height
and basal area, the two top ranking variables from the random forest model. The trimmed
random forest model correctly classified 76% of nest plots. This model shows a decrease
in predictive ability, but still was able to correctly classify the majority of plots vs. the
pseudo-absence plots with only two variables.
Error rate = 24%
Pseudo- absence
Nest Plot
classification
classification
Class error
Pseudo- absence plot

51

15

0.23

Nest Plot

17

49

0.26
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Table 2.12. Simplified evaluation criteria applied to nest sites. The majority of the nest
sites are classified using these two simple criteria, although there is still variability in nest
selection that is not captured here.
Evaluation Criterion (or criteria)
Basal area >100 ft2 ac-1
Dominant tree height >50 feet
Dominant tree height >50 feet &
Basal area >100 ft2 ac-1

Number of Sites that meet this criterion
Percentage
54
82%
61
92%
53
80%
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Figures

Figure 2.1. Map of Ecological Management Units (EMU) across the Southwestern
United States, taken from the recovery plan. The map shows the five EMUs defined by
the recovery plan (USFWS, 2012).

Canopy cover percentage
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Mixed-conifer nest plots

Figure 2.2. Canopy cover for mixed-conifer plots. Twenty-six out of 45 mixed-conifer
plots (58%) had at least 60% canopy cover. This threshold appears to be too high to
identify the majority of these MSO nest stands.

Canopy cover percentage
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Ponderosa and “other” nest plots

Figure 2.3. Canopy cover for all ponderosa and “other” forest types. Forty percent
canopy cover was used as a threshold, even though only one of this plots had the requisite
amount of Gambel oak to be considered pine-oak. 17 out 21 plots had at least 40%
canopy cover.
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Figure 2.4. Box plots depicting elevation of nest sites by National Forest. The box plots
show that MSO have been identified to nest through a considerable range of elevation.
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Figure 2.5. Box plots depicting slope of nest sites by National Forest. The box plots also
show that MSO have been found to nest at most gradients of slope.
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Variable importance for MSO nest sites
Dominant tree height
Total basal area
BA percentage from
large trees
Basal area from snags
Large trees per acre
Relative density
BA percentage from
mid-size trees
Canopy cover

Mean decrease in Gini coefficient

Figure 2.6. Random Forest Results. This indicates that dominant tree height and total
basal area are the two most important predictors of nest habitat. Surprisingly, canopy
cover had the lowest ranking of importance.
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Basal Area (Square feet per acre)

Probability of Habitat Heat Map

Tree Height

Figure 2.7. Probability of habitat heat map, using total basal area and dominant tree
height as predictors. All possible combinations of the random forest model are plotted
and their probability of habitat is depicted by color. The dark red areas show
combinations that consistently predict habitat successfully and the blue areas show
combinations that correctly predict “non-nest” sites. Although the map shows that it is
habitat is more likely to have high basal area and tall dominant tree height, there are
several “plaid” areas that show that there are exceptions to this trend. Total basal area and
dominant tree height are good predictors of nest habitat, but they are not sufficient in
defining this structure.
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Figure 2.8. Partial dependency plots on all eight attributes from the random forest model.
The y axis shows the relationship between that attribute and contribution to predictive
success of the entire random forest model. The top two ranking attributes were total basal
area and dominant tree height. Total basal area increases in importance after 100 ft2 ac-1
and dominant tree height increase after 50 feet.
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CHAPTER 3
LANDSCAPE ANALYSIS OF MEXICAN SPOTTED OWL STAND STRUCTURE
AND POTENTIAL FIRE BEHAVIOR RISK USING THE FOREST INVENTORY
AND ANALYSIS DATABASE

Introduction
There is a pressing silvicultural challenge in managing Mexican spotted owl
(MSO) nest stands in the context of forest restoration. Many of the suggested MSO nest
habitat structural requirements are at odds with large-scale forest restoration initiatives to
reduce forest density in order to modify fire behavior (Allen et al. 2002). The Four Forest
Restoration Initiative in Arizona and the Collaborative Forest Restoration Program in
New Mexico are two ambitious projects intended to reduce potential fire behavior at the
landscape scale by reducing density to an approximation of pre-settlement conditions
(Schultz et al. 2012, Bradley 2009, Esch and Vosick 2016). However, research indicates
that MSO often select nest sites that are dense, have continuous canopy cover, and have
vertical stratification (Ganey 1998). From a fire management perspective, that suggests
stands susceptible to crown fire due to high canopy bulk density and the presence of
ladder fuels. High-severity crown fires, such as the 2002 Rodeo-Chediski fire that burned
in eastern Arizona, are a direct threat to MSO habitat. This single fire complex resulted in
the loss of 55 MSO Protective Activity Centers (Prather et al. 2008). Prather et al. (2008)
suggests that balancing fire mitigation and MSO habitat objectives is possible at the
landscape level by using spatial analysis, but these two objectives may be incompatible at
the stand level. A logical first step is to identify specific tradeoffs between fire mitigation
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and habitat enhancement objectives, so as to determine where each of these goals should
be emphasized.
Agee and Skinner (2005) identify four principles for mitigating severe fire
behavior in dry forest types: reduce surface fuels, increase height to live crown, decrease
crown density, and retain large fire resistant trees. According to current descriptions of
MSO habitat, the only one of those principles that would also aid in maintaining or
developing habitat is retaining large fire resistant trees (Egan, 2015). The percentage of
basal area from trees over 18 inches dbh and the trees per acre over 18 inches dbh are
both identified as indicators of MSO nest stands, which are compatible with low-severity
fire behavior. However, if managers want to increase height to live crown and reduce
crown density this means that they will have to thin dense areas of interlocking crowns
and burn smaller trees that act as ladder fuels. This contradicts MSO habitat desired
conditions of diversity of tree sizes and high canopy cover. Reducing surface fuels does
not seem be at odds with any nest habitat requirements because coarse woody debris is
listed as an element to manage for in foraging/non-breeding areas, but is not an explicitly
listed characteristic of nest habitat (Egan 2015).
Two useful indices to assess a stand’s risk to crown fire are torching index and
crowning index. Torching index is the minimum wind speed that will facilitate fire
moving from the surface of the stand to the crown, resulting in a passive crown fire.
Crowning index is the minimum wind speed at which a fire will spread from the crown of
one tree to another, resulting in an active or continuous crown fire (Scott and Reinhardt
2001). Torching index is reflective of surface fuels, foliar moisture, slope, wind reduction
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from canopy and canopy base height (Scott and Reinhardt 2001). Crowning index is
determined by slope steepness and canopy bulk density (Scott and Reinhardt 2001). Agee
(1996) described stands that have a low probability of crown fire as “fire-safe,” which he
distinguishes from fireproof. Fire-safe stands have structures that are less likely to
experience severe fire behavior, but could still experience mortality under very extreme
fire weather (e.g., under very high winds).
A stand with high torching and crowning index could also be described as
resistant to crown fires because the structure and composition influences the severity of
the fire behavior (DeRose and Long 2014). For managers, it would be ideal to increase
resistance to severe fire in MSO nest stands while maintaining the critical structural
elements for habitat, or at least clearly know the tradeoffs for management decisions.
There is increasing empirical evidence that fuel treatments in dry forest types are
effective. The Wallow Fire of 2011 burned over 500,000 acres from the White Mountains
of Arizona to western New Mexico (Wadleigh 2011). Areas of the Wallow Fire that were
treated for fuel reduction 10 years prior to the wildfire had higher densities of live trees,
more native grasses, and smaller openings created by crowning than did untreated areas
(Waltz et al. 2014). Stephens et al. (2009) studied fuel treatment effects across six
Western dry forest sites and found that the treatments had a positive impact on reducing
potential fire behavior under extreme fire weather. As extreme fire weather continues to
become more common and megafires increase in frequency, it seems paramount to
incorporate fire resistance into the plan for MSO habitat so current suitable habitat is not
lost and future nest habitat has a chance to develop (Collins 2014, Stephens et al. 2014).
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One way to explore possible management decisions across a landscape is through
the use of the FIA database. The first part of this chapter will be looking at how much of
the forested area in Region 3, which covers the majority of MSO range, is at risk to highseverity crown fire. We will also use FIA data to approximate how much MSO habitat
exists and how that acreage estimate changes depending how exactly how we define the
structure and composition of MSO habitat. This will be useful in determining how rare
this structure is across the landscape and how much variance there is depending on the
specifics of how habitat criteria are evaluated. The use of such a large database will also
provide insight into how structural attributes of MSO habitat may influence potential fire
behavior. We will assess the torching and crowning index of thousands of points across
Arizona and New Mexico, and we will compare the potential fire behavior of these plots
to how closely they meet the structural requirement of suitable MSO nest habitat. This
will demonstrate how guiding stands towards habitat may influence potential fire
behavior. Finally, we will be able to compare the fire risk levels of actual MSO nest
stands to the risk across the landscape to see if MSO nest structure leads to higher crown
fire risk.

Methods

Potential fire risk across the landscape
The Forest Inventory and Analysis database was used to assess how much U.S.
Forest Service land in Arizona and New Mexico is at risk to high-severity crown fire.
FIA2FVS software was used to import all forested FIA plots in Region 3, measured in the
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years 2006 to 2015, to the Forest Vegetation Simulator (FVS) (N=3,476). The Fire and
Fuels Extension of FVS was used to compute the crowning index and torching index for
each FIA plot condition. Plot conditions that had a torching index or a crowning index
lower than 20 miles per hour were considered at risk. Plot conditions that had a torching
index and a crowning index above 20 miles per hour were consider fire-safe. For this
study, 20 mph was used as the default critical wind speed. This represents wind speed
which might occur under ‘extreme fire weather’ (Reinhardt and Crookson 2003).
Population estimates of the two groups of plots (at risk and fire-safe) were calculated in
the FIA database for both the states of Arizona and New Mexico. The estimation of
acreage was calculated by an expression in the FIA database based on the number of
forested plots (and each plot’s associated expansion factor) that met the each crowning
condition (at risk and fire-safe) (Woudenberg et al. 2010).

Suitable habitat across the landscape
The same FIA data set (N=3,376) used in the fire analysis was used to assess how
much Forest Service land in Arizona and New Mexico has structure that is considered
suitable for MSO nest habitat. FVS was used to compute the key structural attributes of
MSO nest habitat for each plot. Three sets of evaluation criteria were used to define
suitable habitat. All sets of evaluation criteria were limited to the following forest types:
ponderosa pine, Douglas-fir, white fir, southwestern white pine, limber pine and blue
spruce because these forest types are most commonly selected by MSO for nest habitat
(Egan, 2015). Mixed-conifer criteria for suitable habitat are slightly different for the
Basin Range East ecological monitoring unit (EMU), which covers primarily the Lincoln
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National Forest National Forest in New Mexico (Table 2.1 and Figure 3.1). The higher
criteria for this EMU were used for plots that came from the Lincoln National Forest. The
first set of evaluation criteria includes all four management guidelines from the 2012
MSO recovery plan (Table 2.1). The second set of evaluation criteria includes three of the
four management guidelines but leaves out mid-size trees because of evidence that this
may not be a key attribute of habitat (Chapter 2, Ganey et al. 2016). The last set of
evaluation criteria includes dominant tree height over 50 feet and total basal area over
100 ft2 ac-1. These criteria come from the results of the random forest model in Chapter 2.
Population estimates were made for MSO forest habitat (pine-oak and mixed-conifer
forest) and for all habitat attributes. The same process to estimate acreage that was used
in the previous section was also applied to also habitat conditions. The estimation of
acreage was calculated in the FIA database by an expression based on the number of
forested plots (and each plot’s associated expansion factor) that met the each habitat
attribute of forested plots managed by the USFS (Woudenberg et al. 2010).

Influence of Mexican spotted owl nest structure on potential fire behavior
The Forest Inventory and Analysis database was used to compare the structural
features of plots that are considered at risk to crown fire versus those considered fire-safe.
We compared the crowning index and torching index of FIA plots in Region 3, measured
in the years 2006 to 2015, and which had at least 15 ft2 ac-1 of basal area (N= 2415). We
used 15 ft2 ac-1 of basal area as a threshold as to include only plots that were stocked.
FVS can calculate the CI and TI for all plots, even those that are unstocked or extremely
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young, and we did not want these to inappropriately influence the comparisons of stands
that are more likely to be potential habitat.
Seven key structural attributes of Mexican spotted owl habitat were compared for
the purpose of gaining insight into the impact managing for MSO nest habitat might have
on potential fire behavior. Five of the seven attributes came from the MSO recovery plan
management guidelines and desired conditions (total basal area, percentage of basal area
from trees 12-18 inches dbh, percentage of basal area from trees greater than 18 inches
dbh, trees per acre over 18 inches dbh, canopy cover). Relative density and dominant tree
height were included because they can give insight to stand development and have been
used as metrics of habitat for other avian species (Long, 1985; Squires and Kennedy,
2006). Welch’s t test was used to compare all seven structural attributes in order to
determine significant differences between at risk and fire-safe plots (Welch, 1938).

Comparison of nest stand potential fire behavior and landscape potential fire behavior
The Forest Inventory Analysis measured 66 Mexican spotted owl nest stands in
five National Forests in Arizona and New Mexico in 2013 and 2015. The crowning index
and torching index of these 66 nest stands were calculated using FVS/FFE. Stands were
considered at risk if either the CI or TI were below 20 mph. The percentage of the 66
stands that are at risk to crown fire was compared to the percentage of landscape that was
at risk to crown fire to determine if nest stands are more likely to be at risk to crown fire
than stands across the landscape.
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Results

Potential fire risk across the landscape
The U.S. Forest Service manages more than 15 million acres of forested land in
Region 3. Eleven and half million (76%) of those acres are considered at risk to crown
fire. Less than four million acres (24%) of forested land in Region 3 are considered firesafe. There are roughly the same amount of forested acres on National Forest (NF) land
in New Mexico and Arizona (7.8 million and 7.5 million, respectively). The two states
have similar breakdowns between the relationship between at risk and fire-safe stands.
77% of New Mexico’s NF forested land and 75% of Arizona’s NF forested land are at
risk to high-severity crown fire (Table 3.2).

Suitable habitat across the landscape
Results of the population estimates of suitable habitat are presented in Table 3.2.
Using the MSO recovery plan definition of habitat forest type and four management
guidelines, 0.5% of Region 3 forests are suitable for MSO nest habitat. There are about
18,000 acres of suitable pine oak and about 59,000 acres of suitable mixed-conifer for
MSO nest habitat. The percentage of suitable habitat increases as the evaluation criteria
for suitable habitat are loosened. If the mid-size tree criterion is dropped, but the same
definitions of forest types are used, there are about 357,000 acres of suitable nest habitat
(2.3% of forested land). If the definitions of forest habitat are loosened for pine-oak, and
the requirement of 10% of the basal area coming from Gambel oak is dropped, there are
about 770,000 acres of suitable nest habitat (5.11% of forested land). Using the simplified
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criteria developed from the random forest model in Chapter 2 (dominant tree height > 50
feet and total basal area > 100 ft2 ac-1), and dropping Gambel oak requirement for pineoak, there are about 2.1 million acres of suitable nest habitat (13.7% of forested land).

Influence of Mexican spotted owl nest structure on potential fire behavior
Plots that are at risk to active crowning have significantly higher total basal area,
canopy cover and relative density than plots that are fire-safe (Table 3.3). Plots that are at
risk to active crowning also have a significantly lower percentage of basal area from trees
greater than 18 inches. No significant differences appear in percentage of basal area from
mid-size trees, trees per acre of large trees, or dominant tree height. Plots that are at risk
to torching (passive crowning) have significantly lower basal area, canopy cover, large
trees per acre, relative density and dominant tree height (Table 3.4).

Comparison of nest stand potential fire behavior and landscape potential fire behavior
As previously stated, 76% of USFS forested land in Region 3 is at risk to crown
fire. 43 of 66 MSO plots are at risk to crown fire due to crowning and/or torching indices
below 20 mph (65%): 19 out of the 66 plots are at risk to torching (29%) and 32 out of
the 66 plots are at risk to crowning (48%) (Figures 3.2 and 3.3).

Discussion
The high percentage of forested acres that are at risk to crown fire supports the
need for large-scale restoration to alter southwestern forest structure back towards to an
approximation of historical conditions. If these interventions are not made, it is likely that
high-severity fire behavior will perpetuate and/or some forested land might undergo type
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conversion to semi-permanent grasslands (Savage and Mast 2005). It is alarming that
about three-quarters of these forests are at risk for crown fire, especially as there are
species of concern, such as Mexican spotted owl, that depend on specific forest structure
for habitat. These landscape estimates are most likely conservative and it is possible that
the risk to crown fire is even higher. A threshold of 20 mph was used between fire-safe
and at risk stands. If a higher wind speed was used as the threshold, the disparity between
fire-safe and at risk stands would be even more asymmetrical.
One difficulty in protecting rare structural elements for MSO habitat is that there
is uncertainty as to what exactly constitutes suitable habitat. The amount of land that
contains the structure outlined by the management guidelines of the recovery plan is so
small that it seems that protecting this land would be an urgent matter. However, these
four guidelines describe structure that is overly narrow. Only nine out of sixty-six MSO
nest sites (13.6%) from the study in Chapter 2 met these requirements. When the mid-size
tree requirement is dropped the amount of suitable land is nearly quadrupled. The amount
of suitable habitat continues to increase when we look at the results of the random forest
model from Chapter 2, which suggests that high dominant tree height (>50 ft) and high
total basal area (>100 ft2 ac-1)) are good predictors of habitat. If we use those two
indicators as definition of suitable habitat, there are about 2.1 million acres of potential
nest habitat, which is about 46% of ponderosa pine and mixed-conifer forests in Region
3. These three different acreage estimates have different land management implications
and create a different sense of urgency in protecting current suitable structure.
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If it is true that MSO live in a broader range of structure than previously
identified, it changes the equation on active management to decrease the risk of extreme
fire behavior. What we deem suitable for MSO nest habitat changes our perceptions on
how much of effort we need to protect each site that meet those particular requirements
and how much we are willing to live with potential fire tradeoffs. For example, it is very
rare on the landscape to meet all four management guidelines within defined forest types
and therefore it would be extremely important to preserve those areas if this was the only
structure where MSO could nest. However, if we use the results from Chapter 2 as a
guideline, where only high density and tall trees are used as criteria, suitable habitat is
seen as more common. It is probable that some combination of high density, tall
dominate tree height, and an element of large diameter trees are more desirable of MSO
nests, but the threshold of each element is still unclear, which has implications for the
amount of, and identification of, habitat that needs to be managed. As more nest stands
are measured in the future, we can fine tune those numbers and get a closer estimate of
suitable structure of nest stands.
This study also shows that there is some opportunity to mitigate potential fire
behavior in MSO nest stands. Emphasizing tall, large diameter trees that are fire resistant
(ponderosa pine and Douglas-fir) is consistent with both objectives. It is also promising
that most of the MSO nest stands measured in Chapter 2 are single stratum, which is what
led to the assessment that over 2/3 of those 66 sites were identified as fire-safe in regard
to torching. This insight that vertical stratification may not be a critical element to habitat
allows more leeway for fuel management through the thinning and burning of small
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diameter trees. The results from Chapter 2 also show that many MSO do not always nest
in areas with extremely high canopy cover (>60 for mixed-conifer and >40 for pine-oak).
This is corroborated with the fact that 52% of the 66 MSO nest stands are fire-safe in
regards to crowning. This is surprising because past studies have indicated that high
canopy cover has been a critical attribute of habitat, but if nest stands (and potential nest
stands) are kept to slightly lower densities there is more chance to mitigate active crown
fire.
It is also surprising that a lower percentage of nest stands are at risk to crown fire
(TI < 20 mph of CI < 20 mph) compared to the stands across the landscape. Sixty-five
percent of MSO nests are at-risk to crown fire vs. 76% of the landscape that is at risk to
crown fire. Due to the description of MSO habitat (high density, high canopy cover, and
vertical stratification) it could be assumed that MSO nest sites would be more likely to be
at risk than the average stand across the landscape, but this does not appear to the be case.
Again, this points to the more varied structures and lower levels of critical elements than
were assumed to be necessary for nest habitat. If it is true that vertical structural
heterogeneity is not critical to MSO nest habitat, there is more room for managers to
aggressively treat fuel in and around nest corridors. These results also suggest that
diameter caps, cutting limits based on tree size, which are intended to protect nest habitat,
may be endangering it. Other studies have indicated that diameter caps make stand
structure more homogeneous, less vigorous, and less biologically diverse (Triepke et al.
2011, Sánchez Meador et al. 2015). Diameter caps also lead to an increased risk to
torching due to the presence of ladder fuels that may not even be necessary for nest
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habitat. The combination of empirical evidence of fuel treatment effectiveness in dry
forest types and the high percentage of at risk stands demonstrates that perhaps the best
way to increase MSO habitat is through fuel treatment.
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Tables
Table 3.1. Mexican Spotted Owl Recovery Plan Management Guidelines. Guidelines are
specific to forest habitat type and ecological management unit (EMU). An EMU is a
geographical subdivision delineated by topographic attributes, human activity and
international borders (USFWS, 2012). The abbreviations below refer to the following
EMUs. BRE = Basin Range East, BRW = Basin Range West, CP = Colorado Plateau,
UGM = Upper Gila Mountains, SRM = Southern Rocky Mountains. See Figure 3.1 for an
EMU map.
EMU(s)
Forest Type

Minimum %
BA
12-18 inches

Minimum %
BA
> 18 inches

BRE
Mixed-conifer

>30

>30

Minimum tree Minimum
BA (ft2 ac-1)
density of
trees > 18”
dbh
(trees/acre)
145
15

CP, UGM,
SRM, BRW
Mixed-conifer

>30

>30

120

12

CP (Mount
Taylor and/or
Zuni Mtn.
regions only) ,
UGM, BRW
Pine-oak

>30

>30

110

12
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Table 3.2. Acres of National Forest forested land by state, habitat and potential fire risk.
NM

AZ

Region 3

Percentage
of NF
forested
land

Percentage of
forest type in
USFS Region
3

Forest
Service
Acres of
forested land

7,827,757

7,544,988

15,372,745

100.0%

NA

Ponderosa
pine Acres

1,625,496

1,716,466

3,341,963

21.7%

100%

Mixedconifer

988,612

255,127

1,243,739

8.1%

100%

Pine oak
(10% of BA
comes from
Gambel oak)

226,537

235,939

462,477

3.0%

13.84% of all
ponderosa

Pine oak that
meets all
management
guidelines

6,264.25

11,900

18,164

0.1%

0.54% of all
ponderosa

Pine oak that
meets 3/4
management
guidelines
(does not
include midsized trees)

37,585.50

47,599

85,185

0.6%

2.55% of all
ponderosa

Ponderosa
pine that
meets all
management
guidelines

27,538

106,610

134,148

0.9%

4.01% of all
ponderosa
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Table 3.2. continued.
NM

AZ

Region 3

Percentage
of NF
forested
land

Percentage of
forest type in
USFS Region
3

Ponderosa
pine that
meets 3/4
management
guidelines
(does not
include midsized trees)

167,043

331,620

498,664

3.2%

14.92% of all
ponderosa

Ponderosa
(>100 BA ft2
ac -1 and >50
ft height)

490,676

827,141

1,317,818

8.6%

39.43% of all
ponderosa

Mixedconifer that
meets all
management
guidelines

46,927

23,848

70,143

0.4%

4.73% of all
mixed-conifer

Mixedconifer that
meets 3/4
management
guidelines
(does not
include midsized trees)

204,010

84,513

286,659

1.8%

21.90% of all
mixed-conifer

Mixedconifer
(>100 BA ft2
ac -1and >50
ft height)

647,481

175,164

822,645

5.4%

64.% of all
mixed-conifer

At Risk

6,031,915

5,663,728

11,695,644

76.1%

Fire-Safe

1,795,842

1,881,259

3,677,101

23.9%

59
Table 3.3. Potential Crowning t test results: Comparison of Means between stands with
CI > and < 20 mph of nest habitat evaluation criteria. Significant differences are in bold.
At risk (< 20 mph) Fire-safe (>20
mph)

P value

Total basal area (ft2
ac -1)

115

83

< 0.0001

Percentage of basal
area from trees 1218 inches dbh (midsize trees)

26

29

0.0003

Percentage of basal
area from trees
greater than 18
inches dbh (large
trees)

16

23

< 0.0001

Trees per acre
greater than 18
inches dbh

8

7.6

0.2109

Canopy Cover (%)

44

33

< 0.0001

Relative Density
(%)

44

33

< 0.0001

Dominant Tree
Height (Feet)

39

34

0.0003
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Table 3.4. Potential Torching t test results: Comparison of Means between stands with TI
> and < 20 mph of nest habitat evaluation criteria. Significant differences are in bold.
At risk (< 20
mph)

Fire-safe (>20
mph)

P value

Total basal area (ft2
ac -1)

81

108

< 0.0001

Percentage of basal
area from trees 1218 inches dbh (midsize trees)

28.5

29.4

0.246

Percentage of basal
area from trees
greater than 18
inches dbh (large
trees)

22

21

0.7319

Trees per acre
greater than 18
inches dbh

7

9

< 0.0001

Canopy Cover (%)

32

40

< 0.0001

Relative Density
(%)

33

40

< 0.0001

Dominant Tree
Height (Feet)

29

50

< 0.0001

61
Figures

Figure 3.1. Map of Ecological Management Units (EMU) across the Southwestern
United States, taken from the recovery plan. The map shows the five EMUs defined by
the recovery plan (USFWS, 2012).
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Torching Index of MSO nest stands
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Figure 3.2: Torching Index of MSO nest stands. Nineteen out of the 66 stands were
below 20 mph and considered at risk to torching.

Crowning Index of MSO nest stands
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100
80
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40
20
0
Crowning Index (mph)

Evalutaion Criteria (20 mph)

Figure 3.3. Crowning index of MSO nest stands. Thirty-two out of the 66 stands were
below 20 mph and considered at risk to crowning.
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CHAPTER 4
MODELING STAND DYNAMICS AND SILVICULTURAL INTERVENTION OF
POTENTIAL MEXICAN SPOTTED OWL NEST STANDS WITH THE FOREST
VEGETATION SIMULATOR

Introduction
Due to loss of habitat from increased high-severity fires and extensive logging of
old forest structure in the Southwestern United States, the Mexican spotted owl (Strix
occidentalis lucida) was listed as a threatened species in 1993 (Egan 2015). U.S. Fish and
Wildlife Service developed a recovery plan in 1995 and updated the plan in 2012 in order
to maintain current habitat and develop future habitat (USFWS 2012). Mexican spotted
owls (MSO) are considered habitat specialists, selecting for nesting and roosting habitat
in late seral forests and rocky canyons (Ganey 1998). Their forested nesting habitat is
associated with mixed-conifer, pine-oak and riparian forest types and feature complex
multistoried structure (Ganey and Balda 1989). The Mexican spotted owls’ range extends
across the Southwest, from southern Utah and Colorado, through Arizona and New
Mexico, to northern Mexico, and its recovery has been incorporated into landscape-level
forest restoration programs such as the Four Forest Restoration Initiative (4FRI) in
Arizona (McCusker et al. 2014).
The MSO recovery plan lists a series of management guidelines and desired
conditions for suitable nest habitat (Table 3.1 and 3.2). U.S. Forest Service managers are
tasked with developing prescriptions that protect and increase available habitat for MSO
(USDA 2015). This protection can come in two forms: implement restrictions to logging
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of current habitat (e.g. timing of operations and implementation of diameter caps, a
cutting limit to the size of trees in order to retain the largest trees), or actively treating
fuels that reduce likelihood of high-severity crown fires (USDA 2015; Triepke et al.
2011). However, reducing forest density is seen as at odds with maintaining current MSO
habitat because MSO habitat has been associated with closed canopy, high basal area,
and a diversity of tree sizes. From a fire management standpoint, this means high canopy
bulk density and the presence of ladder fuels, which increases the likelihood of highseverity crown fires (Agee and Skinner 2005). Therefore, the tradeoffs between reaching
habitat goals and fire behavior goals must be clearly understood during management plan
development.
Silviculture, the “art and science of controlling the establishment, growth,
composition, health, and quality of forests” can be used to develop, or accelerate the
development, of wildlife habitat (USDA 2004). For any silvicultural objective, clear
quantifiable criteria are necessary to evaluate the potential success of a prescription
(Long et al. 2010). Of three important attributes of forests (composition, function, and
structure), structure is the most often manipulated in silvicultural interventions and can be
used as a surrogate for function (Franklin et al. 2002). In terms of MSO habitat, structural
elements such as tree size diversity, density and the presence of snags can be surrogates
for the function of thermoregulation and nesting/roosting habitat (USFWS 2012). If the
precise levels of necessary structure are known, managers can project how a silvicultural
treatment, such as a low thinning, will alter stand dynamics and they are able to
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quantitatively evaluate the prescriptions’ ability to reach the stated goals. They can also
identify any conflicts or tradeoffs in attempting to reach two different goals.
One of the main ways managers in the Western United States predict forest stand
dynamics and the outcomes of silvicultural prescriptions is with the Forest Vegetation
Simulator (FVS) (Dixon 2002). FVS is a distant-independent individual tree model that
demonstrates how current species composition and structure, e.g., stand density, will
affect stand growth and mortality (Crookston and Dixon 2005). FVS can also
demonstrate how management activities can alter stand dynamics. The Forest Fuels
Extension (FFE) of FVS models potential fire behavior over time, which allows
managers to weigh management actions versus potential fire behavior (Reinhardt and
Crookston 2003). This is especially useful in the case of MSO habitat where the
development of structural requirements for habitat can be weighed against the risk of
stand replacing fire.
There is an inherent tension between the objective of developing or maintaining
MSO habitat and the objective of creating structure to alter potential fire behavior. MSO
recovery plan management guidelines and desired conditions describe conditions where
canopy bulk density is high and numerous ladder fuels are present. Seemingly, these two
objectives describe criteria that are diametrically opposed. However, Chapter 2 and
Chapter 3 present evidence to suggest that there may be opportunities develop stands that
meet suitable habitat requirements while reducing potential fire behavior. Chapter 2
demonstrates that MSO are living in stands that are single strata, lack mid-sized trees, and
do not always have as high a canopy cover as sometimes thought to be necessary.
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Chapter 3 demonstrates that while high total basal area and canopy increase the risk for
crowning, certain structural elements such as tall dominate tree height and high number
of large trees can reduce risk to torching. Therefore, it is worthwhile to examine how
these two sets of evaluation criteria interact in real stands that could potentially be
managed for habitat and/or potential fire behavior.

Methods
The Forest Vegetation Simulator was used to model stand dynamics over a 50
year planning horizon to evaluate the potential value of silvicultural intervention in MSO
habitat development. In Chapter 2, 66 pseudo-absence locations were randomly selected
to compare to the presence-only data set of 66 MSO nest plots in Arizona and New
Mexico. For this exercise, the same pseudo-absence dataset was analyzed to determine
how closely they met recovery plan guidelines for habitat (Table 4.1). Six of those plots
were selected to demonstrate stand dynamics in FVS. Plots were chosen to represent
different stages of stand development that might be considered for habitat management
and were categorized as “suitable” habitat, “close to suitable” habitat and “not close to
suitable” habitat. A ponderosa pine and mixed-conifer stand were selected for each of
those categorizes because those are the forest types the recovery plan has identifies as
habitat with specific evaluation criteria. Suitable stands met all four management
guidelines and had a dominant tree height of over 50 feet. Close to suitable stands had a
basal area slightly under the target (80-90 square feet per acre) and only met one of the
four management guidelines. Stands that were not close to suitable had a basal area under
60 square feet per acre, only met one of the four management guidelines, and had a
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dominant tree height under 50 feet. A no action alternative was compared to a
silvicultural prescription and presented in summary statistics and graphs depicting the
time each objective was or was not achieved.
The following prescriptions were modeled in FVS. The suitable and close to
suitable stands were thinned from below to 25% of the maximum relative density in
terms of stand density index (SDI/SDI maximum) (Shaw 2000, 2006). Subsequently,
every 10 years in the simulated treatments for these stands, 85% of trees under 5 inches
DBH were thinned and pile burned in order to manage ladder fuels. If the stand exceeded
45% of maximum relative density over the course of the planning horizon, they were
again thinned from below to 25% relative density. This prescription was inappropriate for
the stands deemed non-suitable habitat because both of those plots are currently already
under 25% relative density. Instead, these plots underwent fuel treatment for very small
diameter trees every ten years where 85% of trees under 5 inches dbh were mechanically
thinned and pile burned. When these plots finally reached 45% relative density, they were
then thinned from below to the 25% relative density. In these prescriptions, 25% of SDI
maximum was chosen as a lower limit to maintain crown closure, which is an important
habitat element for MSO nest habitat (Drew and Flewelling 1977, Ganey et al. 2016).
45% relative density was chosen as an upper limit to safely avoid self-thinning and
maintain tree vigor (Long 1985).
Stand density index, which is the relationship between the number of trees per
acre and their average quadratic mean diameter, is a useful metric because it provides
insight into competitive interaction and stand dynamics in the stand (Reineke 1933, Long
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1985). Although SDI was developed for even-age single species stands, an adaptation
known as the summation method can be used for irregular stand structure by partitioning
trees into size classes, and adding the total SDI of each size class (Shaw 2006). This is
done in FVS by using the keyword SDICalc and changing the calculation method to
“Zeide.” Using the same keyword, the minimum diameter of trees to be included in SDI
calculations was set to 1.6 inches to ensure small diameter trees did not overly influence
the estimate of stand relative density (Curtis 2010). The following tree species’ maximum
SDI were changed from the FVS default: Ponderosa pine (450) and white fir (630) (Long
and Shaw 2005, Shaw, unpublished data). The keyword ThinSDI was used to reduce
residual SDI to 125 for ponderosa pine forest types (25% of 450 maximum) and 140 for
mixed-conifer forest types (25% of 560 maximum). The thin and pile burn was done
through the management fuel treatments (See Table 3.3 for all FVS settings).
Specific quantifiable evaluation criteria were used to assess the outcomes of the
prescription’s effect on MSO habitat and potential fire behavior for the six FIA plots. The
four management guidelines from the MSO recovery plan were used to assess MSO
habitat. Potential fire behavior was measured in terms of torching index (TI) and
crowning index (CI). These indices represent the minimum wind speed needed to initiate
a crown fire (Scott and Reinhardt 2001). Torching index is the minimum wind speed that
will facilitate fire moving from the surface of the stand to the crown, resulting in a
passive crown fire. Crowning index is the minimum wind speed at which a fire will
spread from crown of one tree to another, resulting in an active or continuous crown fire
(Scott and Reinhardt 2001). Torching index is reflective of surface fuels, foliar moisture,
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slope, wind reduction from canopy and canopy base height (Scott and Reinhardt 2001).
Crowning index is determined by slope steepness and canopy bulk density (Scott and
Reinhardt 2001). For this study, 20 mph was used as the default critical wind speed. This
represents wind speed which might occur under ‘extreme fire weather’ (Reinhardt and
Crookston 2003). A stand whose fuels profile is reflected in TI and CI greater than the
critical wind speed are at limited risk of crown fire. Habitat suitability and fire-risk were
judged by determining if these evaluation criteria were met, how quickly they were met,
and how long they were met.

Results

Suitable plots
The FVS simulations demonstrate that the tradeoff in increasing fire-safety comes
in the form of reducing total basal area (Figures 4.4, 4.5, 4.6, 4.7). This tradeoff might not
be as glaring as previously thought however because the silvicultural intervention appears
to maintain most suitable stand characteristics for the majority of the planning window.
In both of the suitable habitat plots, the prescription increased the percentage of big trees
faster than the no action alternative, although both alternatives easily maintained
percentages well above the desired 30% (Tables 3.4, 3.5). In both the treatment and no
action alternatives the percentage of mid-sized trees decreased below the evaluation
criterion of 30%. In the case of the treatment, this decrease occurred due to the removal
of smaller trees in the initial thinning from below. The decrease in the no action
alternative seems to stem from mid-size trees increasing to the large tree size class while
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there was not enough growing room to foster a new cohort of mid-size trees. Both
suitable plots scenarios easily maintained the number of large trees per acre, finishing
with roughly the same amount in the treatment and no action alternative. The treatment
and no-action show some major differences in total basal area, especially initially after
the thinning from below. Both the treatment of the ponderosa and mixed-conifer plots
initially drop the total BA under the evaluation criterion. The basal area in both plots
drops to 97 ft2 ac-1, which is under the desired 110 ft2 ac-1for ponderosa and the desired
120 ft2 ac-1 for the mixed-conifer. However, both treatments at the end of the planning
window are well above the desired total basal area. The most noticeable difference
between the treatment and no action is that the action alternative maintained much higher
torching and crowning indices throughout the planning window. The no action plots were
at risk of crown fire the entire planning window due to low torching indices.

Close to suitable plots
The FVS simulations of the “close to suitable” plots demonstrated similar results
to the suitable plots. In general, silvicultural intervention increases fire-safety with the
tradeoff of reducing basal area to a level slightly under the recommendation of the
management guidelines for MSO habitat. In the plots that were close to suitable habitat,
the prescription had a positive effect on pushing the ponderosa structure towards
becoming a stand that is dominated by a high percentage of large trees (Tables 4.6, 4.7,
4.12 and 4.13). The treatment in the ponderosa plot moved the large tree percentage from
26% to 46%. The mixed-conifer started with an already high percentage of large trees
(50%) and it increased slightly with the treatment but maintained a high percentage
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throughout the planning window. By the end of the planning window, the no action
alternative in ponderosa pine did not meet either the mid-size tree or large tree percentage
requirement. The mixed-conifer no-action alternative had a much higher total basal area
than the action alternative, but the action alternative did successfully meet the minimum
total basal area for most of the planning window. As with the current suitable habitat, the
action alternative was much more fire-safe than the no action alternative (Figure 3.2).

Not close to suitable plots
In the stands that were not close to suitable habitat, none of the simulations led to
creating suitable habitat in the 50 year window, although the ponderosa pine no-action
came the closest (Tables 3.8, 3.9, 3.14, 3.15). The plots with simulated thinning and
burning were much more fire-safe and therefore more likely to survive to be potential
habitat after the 50 year planning window (Figure 3.3).

Discussion
While it is difficult to generalize these results to all stand structures across the
range of MSO, the FVS simulations of these six example plots provide insights to likely
tradeoffs and benefits of silvicultural intervention for potential nest stand structure. An
important take away is that silvicultural invention can have a positive effect in
dramatically increasing fire-safety for these stands, which is consistent with other studies
on this topic (Stephens et al. 2009, Stephens et al. 2012, Fulé et al. 2012). The simulated
examples from the four suitable and close to suitable stands demonstrate that basal area
levels can still be maintained close to, or slightly above, the desired amount of the 50-
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year planning window while increasing fire-safety (Figures 4.1, 4.2, 4.3 and 4.4).
Therefore when planning the future of a particular stand, managers will have to weigh
what is more important in a given context; increased fire-safety with basal areas slightly
under the desired level for habitat or maintaining a much higher basal area to support
MSO nest habitat. This decision could be influenced by the stand’s position on the
landscape and the structure of surrounding stands. If surrounding stands are considered
fire-safe, then a manger might be more willing to risk high density for wildlife habitat.
In addition to demonstrating the tradeoffs of the different sets of evaluation
criteria, the FVS simulations also highlight areas of potential overlap between increasing
fire-safety and maintaining/developing MSO habitat. Agee and Skinner (2005) and the
results from Chapter 3 both suggest that large fire resistant trees, such as ponderosa pine
and Douglas-fir, are elements of fire-safe stands. Steering stands towards a structure
dominated by large trees is consistent with both suitable MSO habitat and fire-safe
structure and therefore emphasizing this structure could be a way to find a middle ground
between the two objectives. That was the case with the simulated low thinning and
subsequent thinning and pile burning that pushed stands to have a higher percentage of
basal area from large trees and become more fire-safe.
The simulations also provide an interesting insight into the relationship between
percentage of basal area from mid-sized trees and the percentage of basal area from large
trees. Maintaining 30% of the basal area from both of these categories seems to be
somewhat short-lived in the no-action and the low thinning alternatives. In the no-action
alternative for both suitable stands, the percentage of basal area from mid-sized trees
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decreased throughout the planning window to the point where it dropped below 30% as
large trees grew and mid-sized trees became large trees. The low thinning accelerated this
process, but with or without intervention, the stand structure was dominated by large
trees by the end of the planning window. Managers will have to decide how important
maintaining a component of mid-size trees is to their stand and maybe use a different
treatment, such as single tree selection to attempt to maintain a more diverse diameter
distribution (Fiedler and Cully 1995). However, single tree selection presents a challenge
in stands that feature shade intolerant ponderosa pine. There seems to be evidence that
maintaining a high level of mid-size trees is not crucial to MSO nest selection, so
emphasizing fire-safety and large trees might be more of a management priority (Chapter
2, Ganey et al. 2016).
There also seems to be a flaw in relying on the percentage of basal area of large
trees instead of an absolute density of large trees. Similar to the “chainsaw effect,” where
a low thinning increases the mean diameter of a stand, a low thinning can increase the
percentage of basal area from large trees immediately after treatment. For instance, in the
close to suitable ponderosa stand, the initial low thinning increased the percentage of
basal area from large trees from 27% (below the desired threshold) to 33% (above the
desired threshold). The absolute density of large trees does not change during that initial
entry, so the comparison of the percentage of large trees is somewhat misleading.
Absolute density (trees per acre) of large trees may be a more important variable to track
for habitat and it may be more indicative if a treatment provides enough competitive
release to accelerate an increase in the diameters of the residual trees in the stand.
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While the prescriptions in this study attempted to manage towards conditions
described in the MSO recovery plan, there is a question of whether the evaluation criteria
based on the management guidelines are the most appropriate (Table 4.1). Ganey et al.
(2016) suggested revising the criteria for MSO habitat in the Sacramento Mountains
where they found that canopy cover and the large tree component were more predictive
of habitat than other attributes. Our study (Chapter 2) suggests that top tree height and
total basal area are important indicators of nesting habitat. In both of these cases, the four
management guidelines described too narrow a structure to properly characterize the
stands where MSO were found. Both the results from Chapter 2 and Ganey et al. (2016)
suggest using fewer evaluation criteria, which provides for more flexibility in
management and captures some of the variability in nest stand structure. If it is true that
dominant tree height is the most important indicator for habitat, there is nothing
silvicultural treatment can do to affect that because tree height is a function of species
and site productivity (Milner 1992). However, this might make fuel treatment around
existing tall trees as form of protection from crown fire a more pressing concern for
potential nest sites.
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Tables
Table 4.1. Simplified evaluation criteria based on the management guidelines in the
Mexican spotted owl recovery plan. These guidelines do not include the increased
requirement for mixed-conifer forest types in the Basin and Range East Ecological
Management Unit (USFWS, 2012).
Minimum % of Minimum %
Minimum tree Minimum
BA 12-18
BA > 18
BA (ft2 ac -1)
density of
inches
inches
trees > 18”
dbh
(trees/acre)
Mixed-conifer >30
>30
120
12
Pine-Oak

>30

>30

110

12

Table 4.2. Desired conditions of Mexican spotted owl habitat that are listed in the 2012
Recovery plan (USFWS, 2012).
• A diversity of forest vegetation patch sizes with a minimum contiguous patch
size of 2.5 acres with larger patches near the activity center, a mix of patch
sizes toward the periphery, and between-patch heterogeneity.
• Contiguous forest vegetation patches consisting of trees of all sizes, unevenly
spaced, with interlocking crowns and high canopy cover.
• Forest vegetation patches with a diversity of tree species, especially containing
a mixture of hardwoods and shade- tolerant species, and a diverse composition
of vigorous native herbaceous and shrub species for prey habitat.
• Openings in forest patches between 0.1-2.5 acres in size to provide prey habitat
diversity; small openings in nest/roost patches with small and larger openings
throughout the rest of the PAC.
• Openings in forest patches between 0.1-2.5 acres in size to provide prey habitat
diversity; small openings in nest/roost patches with small and larger openings
throughout the rest of the PAC.
• A minimum canopy cover within forest stands of 40 percent in pine-oak and 60
percent in mixed-conifer forest types.
• A diversity of tree sizes, with the goal of having trees greater than 16 inches
dbh contributing the majority of the stand basal area.
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Table 4.3. FVS settings for prescriptions for suitable and close to suitable habitat. The no
action alternative has all the same settings except “ThinSDI” and “Thin with fuel piled
and burned.”
• Echosum
• Treelist
• Compute
o Compute
0
o BA%12_18 = SpMcDBH(2, All, 0, 12., 18.0, 0., 500., 0, 0.)/BBA*100
o BA%gr18 = SpMcDBH(2, All, 0, 18.1, 500, 0., 500., 0, 0.)/BBA*100
o TPAgt18 = SpMcDBH(1, All, 0, 18.1, 500, 0., 500., 0, 0.)
o BA%gr16 = SpMcDBH(2, All, 0, 16.1, 500, 0., 500., 0, 0.)/BBA*100
o %GO = SpMcDBH(2, GO, 0, 5, 500, 0., 500., 0, 0.)/BBA*100
o can% = ACanCov
o rd_sdi = BSDI2/BSDIMax*100
o treeht = BTopHt
o structure = BNumSS
o ba_afterthin = ABA
o End
• SDICalc
o Minimum DBH for including in Zeide calculation = 1.6
o SDI Calculation Method = Zeide SDI
• StrClass (default settings)
• SVS
• SDIMax
o Ponderosa = 450
o White fir = 630
• Canopy
• Cover
• Potfire
• Specify Output Database
o Build Compute Table in Database
o Build Summary Statistics in Table in Database
o Select Fire and Fuels Reports
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Table 4.3. continued.
• ThinSDI
o Schedule by Year/Cycle (Year 1)
o Residual stand density index = 125 for ponderosa stands and 140 for
Douglas-fir stands
o Thin from below in the specified diameter range (0-999 DBH)
• ThinSDI
o Schedule by condition
 Specified SDI (Zeide) is exceeded = 180 for ponderosa stands
and 225 for Doulas-fir stands
o Residual stand density index = 125 for ponderosa stands and 140 for
Douglas-fir stands
o Thin from below in the specified diameter range (0-999 DBH)
• Thin with fuel piled and burned (This keyword was used every cycle)
o Smallest DBH to be considered for removal = 0
o Largest DBH to be considered for removal = 5
o Proportion of small trees left = 0.15
o Default settings for all other fields
• Plant & Natural Regeneration
o Ponderosa stands: Schedule by Condition -> after any harvesting or
thinning
 Species: ponderosa pine; Trees/acre: 50
o Douglas-fir stands: Schedule by Condition -> every cycle
 Species: Douglas-fir; Trees/acre:50
Species: white fir; Trees/acre:50
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Table 4.4. Ponderosa pine suitable habitat with simulated thinning and burning.
YEAR

Basal
Area
(Square
ft/Acre)

Basal area
from trees
12-18
inches dbh
(%)

Basal area
from trees
greater
than 18
inches dbh
(%)

Trees per
acre
greater
than 18
inches dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

91

44

48

18

104

51

85

10

97

34

65

20

106

88

81

20

103

6

90

33

107

73

78

30

108

0

98

38

107

74

76

40

113

0

99

38

106

77

75

50

117

0

99

37

105

77

72

Table 4.5. Ponderosa pine suitable habitat and no action.
YEAR

Basal Area
(Square
ft/Acre)

Basal area
from trees
12-18 inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Trees per
acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

114

44

48

18

104

9

75

10

123

46

49

19

106

11

71

20

132

24

66

32

107

12

69

30

141

16

75

39

108

16

66

40

149

15

76

40

108

16

64

50

157

14

75

40

109

19

62
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Table 4.6. Ponderosa pine close to suitable habitat with simulated thinning and burning.
YEAR

Basal
Area
(Square
ft/Acre)

Basal area
from trees
12-18
inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Trees per
acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

76

28

32

6

49

17

47

10

91

27

29

6

57

25

43

20

107

28

30

7

60

36

42

30

121

26

44

17

62

46

41

40

133

25

49

23

65

71

48

50

99

28

71

22

67

41

46

Table 4.7. Ponderosa pine close to suitable habitat with no action.
YEAR

Basal
Area
(Square
ft/Acre)

Basal area
from trees
12-18
inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

26

Trees per
acre
greater
than 18
inches
dbh
6

0

93

23

49

6

35

10

122

20

22

6

57

11

31

20

159

21

17

6

60

4

29

30

189

18

20

6

62

10

28

40

205

16

25

10

65

14

28

50

209

15

26

18

67

17

28

83
Table 4.8. Ponderosa pine not close to suitable habitat with simulated thinning and
burning.
Basal
Area
(Square
ft/Acre)

YEAR

Basal area
from trees
12-18
inches dbh
(%)

Basal area
from trees
greater
than 18
inches dbh
(%)

Trees per
acre
greater
than 18
inches dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

38

18

46

6

22

8

61

10
20

44
51

18
21

43
40

6
6

25
29

10
12

50
46

30

58

43

38

5

33

15

55

40

65

40

51

11

36

19

58

50

72

48

51

11

39

22

59

Table 4.9. Ponderosa pine not close to suitable habitat with no action.
Basal
Area
(Square
ft/Acre)

YEAR

Basal area
from trees
12-18
inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Trees per
acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

38

18

46

6

22

3

52

10

56

15

35

6

27

5

40

20

73

25

29

5

31

0

34

30

90

23

33

10

34

3

31

40

107

24

32

11

37

5

28

50

122

27

30

11

40

10

27
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Table 4.10. Mixed-conifer suitable habitat with simulated thinning and burning .
Basal
Area
(Square
ft/Acre)

YEAR

Basal area
from trees
12-18
inches dbh
(%)

Basal area
from trees
greater
than 18
inches dbh
(%)

Trees per
acre
greater
than 18
inches dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

96

43

33

18

90

24

30

10

108

13

86

37

94

27

28

20

120

1

95

43

98

34

26

30

133

0

99

45

102

38

25

40

144

0

99

45

106

41

25

50

156

0

99

45

108

44

24

Table 4.11. Mixed-conifer suitable habitat with no action.
Basal
Area
(Square
ft/Acre)

YEAR

0
10
20
30
40
50

155
177
199
225
250
267

Basal area
from trees
12-18
inches dbh
(%)

Basal area
from trees
greater
than 18
inches dbh
(%)

Trees per
acre
greater
than 18
inches dbh

43
28
23
13
17
19

33
51
57
68
67
66

18
35
44
58
58
57

Top
Height
(Ft)

90
95
100
104
108
112

Torching
index
(mph)

0
0
0
18
19
19

Crowning
index
(mph)

13
12
12
11
9
8
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Table 4.12. Mixed-conifer close to suitable habitat with simulated thinning and burning.
Basal
Area
(Square
ft/Acre)

YEAR

Basal
area
from
trees 1218
inches
dbh (%)

Basal
area
from
trees
greater
than 18
inches
dbh (%)

Trees
per acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

86

9

50

18

49

7

24

10

96

21

52

18

49

10

22

20

107

15

60

23

50

14

20

30

117

15

60

23

51

16

18

40

127

20

59

23

51

18

16

50

137

25

59

23

51

19

15

Table 4.13. Mixed-conifer close to suitable habitat with no action.
Basal
Area
(Square
ft/Acre)

YEAR

Basal area
from trees
12-18
inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Trees per
acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

92

9

50

18

49

10

24

10

107

21

47

18

49

14

21

20

121

13

54

23

50

98

19

30

136

13

52

23

51

0

18

40

151

16

50

23

51

0

16

50

165

18

49

23

51

0

15

86
Table 4.14. Mixed-conifer not close to suitable habitat with simulated thinning and
burning.
Basal
Area
(Square
ft/Acre)

YEAR

0
10
20
30
40
50

53
65
76
87
96
105

Basal area
from trees
12-18
inches dbh
(%)

Basal area
from trees
greater
than 18
inches dbh
(%)

Trees per
acre
greater
than 18
inches dbh

34
39
55
50
53
59

0
0
2
9
17
19

0
0
1
4
8
9

Top
Height
(Ft)

Torching
index
(mph)

42
46
49
52
54
57

64
69
73
27
423
395

Crowning
index
(mph)

33
28
27
26
26
25

Table 4.15. Mixed-conifer not close to suitable habitat with no action.
Basal Area
(Square
ft/Acre)

YEAR

Basal area
from trees
12-18
inches
dbh (%)

Basal area
from trees
greater
than 18
inches
dbh (%)

Trees per
acre
greater
than 18
inches
dbh

Top
Height
(Ft)

Torching
index
(mph)

Crowning
index
(mph)

0

53

34

0

0

42

64

33

10

65

39

0

0

46

69

28

20

77

54

2

1

49

76

26

30

88

49

9

4

52

0

26

40

98

50

17

8

55

0

26

50

110

53

20

10

57

0

26

87
Figures

Mixed-conifer Crown Fire Risk
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Figure 4.1. Differences in crown fire risk between the treated and untreated simulations
of a mixed-conifer stand that meets suitable nest habitat criteria. The treated scenario is
far safer to crown fire than the untreated scenario.
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Mixed-conifer Total Basal Area
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of basal area

Total Basal Area (ft2 ac-1 )
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amount of basal area
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Years in the Future
No action

40
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Figure 4.2. Differences in total basal area between the treated and untreated simulations
of a mixed-conifer stand that meets suitable nest habitat criteria. This shows the reducing
the likelihood of crown fire comes at the cost of lowering total basal area below desirable
levels. However, total basal area is not far below the desired level and it eventually
exceeds the evaluation criteria of 120 ft2 ac-1.
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Ponderosa Crown Fire Risk
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Figure 4.3. Differences in crown fire risk between the treated and untreated simulations
of a ponderosa stand that meets suitable nest habitat criteria. The particular stand started
off safe to crowning but unsafe to torching (passive crown fire). The treated scenario
increases fire-safety for both crowning and torching. The untreated scenario is at risk to
torching the entire planning window.
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Figure 4.4. Differences in total basal area between the treated and untreated simulations
of a ponderosa stand that meets suitable nest habitat criteria. Like the mixed-conifer stand
(Figure 3.5), this shows that reducing the likelihood of crown fire comes at the cost of
lowering total basal area below desirable levels. However, total basal area is not far
below the desired level and it eventually exceeds the evaluation criteria of 110 ft2 ac-1.
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CHAPTER 5
CONCLUSION

Balancing multiple objectives will continue to be a challenge for forest managers
of Federal lands, and finding approaches to evaluate the trade-offs of alternatives will be
necessary as objectives become more diverse. It is both helpful and necessary to identify
clear quantifiable evaluation criteria to measure the relative success of any forest
management project, and this is especially true if there are multiple objectives that could
have trade-offs (D’Amato and Bradford 2012). If criteria are vague or unrealistic,
managers have no way to measure if objectives are actually met, and even worse, they
may be implementing ineffective strategies. However, some objectives are easier to
quantify than others and it can be difficult to quantify necessary structure and
composition for the habitat of rare wildlife species. In the case of the Mexican spotted
owl (MSO), we found a surprising amount of variability in nest stand structure and it was
difficult to find a set of metrics that encapsulated all measured nest stands.
This study used the MSO recovery plan as a framework to characterize the
structure and composition of nest stands in order to get closer to identifying effective nest
evaluation criteria. We scrutinized evaluation criteria that are currently being used to
enhance MSO habitat in order to determine if these metrics are indeed describing actual
nest conditions. We found that evaluation criteria for the MSO described stand conditions
that were overly narrow and an extremely small percentage of stands meet all criteria.
The study verified some descriptions of nest habitat; nest stands tended to be dense and
most featured a high number of large trees. Some attributes of habitat seem to be
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overstated (high canopy cover, a component of mid-size trees and vertical heterogeneity)
and maybe they should not be used as evaluation criteria. This study also found that tall
dominant overstory is a strong predictor of nest habitat. There is potential to simplify
evaluation criteria to a combination of high basal area and tall dominant tree height. This
could get closer to capturing the variability that exists in nest stands and it would be
easier for forest managers to development prescriptions to steer stands towards suitable
nest habitat.
Through the use of the Forest Inventory and Analysis database, the study was able
to contextualize the tradeoffs between the nest habitat objective and the fire behavior
mitigation objective by means of a landscape analysis. The results of this study showed
that approximately 76% of the forested land managed by the USFS is at risk to highseverity crown fire. This supports the need reduce density across the landscape to lessen
the likelihood of large high-severity fires, which are a major threat to Mexican spotted
owl nest habitat. If these interventions are not made, it is likely that the pattern of large
high-severity fires will continue in the future (Savage and Mas 2005). There also appears
to be some room to mitigate potential fire behavior in the nest stands themselves because
this study relieved the surprising fact that nest stands actually tended to be more fire safe
that the structure across landscape. Applying different definitions of suitable nest habitat
highlighted how important it is to identify the necessary components of nest habitat. The
structural combination of the four management guidelines from the recovery plan
represented less than 1% of the forested landscape. However, when we looked at the two
sets of simplified criteria that better fit the nest stands from Chapter 2, there appears to be
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more suitable structure across the landscape and potential nest habitat seems more
common.
The final aspect of my thesis modeled the role that silvicultural intervention and
fuel reduction treatment can play in achieving the nest habitat and fire mitigation
objectives. This study was especially useful in demonstrating how much safer treated
MSO nest stands can be to crown fire than untreated stands. The example stands used in
this modeling exercise showed that it is possible to maintain desirable nest structure close
to or above the target threshold while increasing fire-safety. This is only true however if
we concede that the amount of midsize trees and multi-strata stands are not necessary for
nest habitat. If that is not the case, it is much more difficult to maintain both fire-safe
structure and “suitable” nest habitat. Steering stands towards a structure dominated by
large trees is consistent with both suitable MSO habitat and fire-safe structure and
therefore emphasizing this structure could be a way to find a middle ground between the
two objectives.
In order to evaluate the trade-offs between these two objectives, my research
quantified evaluation criteria that could be used in a silvicultural prescription,
contextualized the objectives across the landscape in order to help prioritize objectives,
and modeled the outcomes of alternative management actions. We were able to identify
overlap between objectives and trade-offs that managers would have to weigh in their
particular context. These steps were applied to the issue of Mexican spotted owl habitat
in the Southwest; however, this general approach is applicable to other situations with
seemingly opposing objectives in other forests.
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